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Esta tese teve como principal objetivo estabelecer diretrizes para aumentar o debate sobre a 
inserção da sustentabilidade no ensino de engenharia no Brasil. Para atingir este objetivo, três 
fases foram conduzidas. Na primeira fase, buscou-se compreender como as dificuldades 
associadas à inclusão da sustentabilidade no ensino de engenharia estão relacionadas, a partir 
da opinião de professores de engenharia. Na segunda fase, analisou-se a percepção de alunos 
de engenharia em relação aos principais desafios observados na educação para o 
desenvolvimento sustentável nos cursos de engenharia de instituições brasileiras. Na terceira 
fase, avaliou-se a percepção de alunos em relação à sustentabilidade, focando em alunos de 
Engenharia Mecânica e Engenharia de Controle e Automação de duas universidades 
brasileiras. Na primeira etapa da pesquisa, foi possível constatar que dificuldades no 
planejamento da inserção da sustentabilidade no ensino de engenharia afetam diretamente as 
dificuldades observadas na prática didática. Em relação à segunda etapa, constatou-se que os 
alunos de engenharia envolvidos em projetos sociais consideraram os desafios: “Questões 
sustentáveis são debatidas apenas em disciplinas específicas de forma limitada”; “Dificuldade 
para integrar disciplinas para o ensino amplo da sustentabilidade”; “Falta de exemplos 
práticos e reais de como a sustentabilidade pode ser incorporada no contexto específico do 
curso”; e “Atividades e exemplos apresentados focam exclusivamente em questões 
ambientais” como os principais desafios que seus cursos enfrentam para realizar esta inserção. 
Os resultados da terceira etapa evidenciaram como os alunos dos cursos analisados entendem 
a sustentabilidade. Como principal limitação, destaca-se o caráter exploratório da presente 
pesquisa, com resultados e conclusões válidos para as amostras utilizadas. Ressalta-se, 
entretanto, a contribuição para a literatura, tendo em vista a necessidade de maiores 
discussões a respeito do ensino de engenharia para o desenvolvimento sustentável. Além 
disso, a qualidade das técnicas estatísticas utilizadas (Modelagem de Equações Estruturais e 
TOPSIS) também deve ser destacada. Os resultados desta pesquisa podem ser utilizados por 
coordenadores de cursos de engenharia, para avaliar as iniciativas de inserção da 
sustentabilidade em seus cursos; bem como por pesquisadores, como ponto de partida para 
futuras pesquisas. Como pesquisa futura, aponta-se o desenvolvimento de um modelo que 
oriente a inserção da sustentabilidade no ensino de engenharia. 
 
Palavras-chave: Desenvolvimento Sustentável; Cursos de Engenharia; Modelagem de 












This PhD thesis aimed to propose guidelines to increase the debates regarding the insertion of 
sustainability in engineering education in Brazil. To achieve this goal, three phases were 
conducted. In the first phase, it was sought to understand how the difficulties associated with 
the inclusion of sustainability in engineering teaching are related, based on the opinion of 
engineering lecturers. In the second phase, it was analyzed the perception of engineering 
students regarding the main challenges observed in education for sustainable development in 
engineering courses of Brazilian institutions. In the third phase, the students’ perception 
regarding sustainability was evaluated, focusing on students of Mechanical Engineering and 
Automation and Control Engineering of two Brazilian universities. In the first stage of the 
research, it was possible to verify that difficulties in the planning of the insertion of 
sustainability in engineering education directly affect the difficulties observed in didactic 
practice. In relation to the second stage, it was verified that the engineering students involved 
in social projects considered the challenges: “Sustainable issues are debated only in specific 
disciplines in a limited extent”; “Difficulty to integrate disciplines for the broad teaching of 
sustainability”; “Lack of practical and real examples of how sustainability can be embedded 
in the specific context of the course”; and “Activities and examples presented focus 
exclusively on environmental issues” as the main challenges that their courses face in order to 
carry out this insertion. The results of the third stage showed how the students of the analyzed 
courses understand sustainability. As a main limitation, the exploratory character of the 
present research stands out, with results and conclusions valid for the samples used. However, 
the contribution to the literature is emphasized, considering the need for greater discussions 
about engineering education for sustainable development. In addition, the quality of the 
statistical techniques used (Structural Equations Modeling and TOPSIS) should also be 
highlighted. The results of this research can be used by coordinators of engineering courses to 
evaluate the initiatives of sustainability insertion in their courses; as well as by researchers, as 
a starting point for future research. As future research, it is proposed the development of a 
model to guide the insertion of sustainability in engineering education. 
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1.1 Context of this research 
 
There is a growing interest worldwide for the sustainable development. In 2015, 
United Nations (UN) proposed the 2030 Agenda for Sustainable Development, in which it 
was established the 17 Sustainable Development Goals (SDGs). These 17 SDGs aim to guide 
nations for pursuing the sustainable development (ROSATI; FARIA, 2019; UN, 2015). In 
other words, they aim to guide nations to target a “development that meets the needs of the 
present without compromising the ability of future generations to meet their own needs” 
(BRUNDTLAND, 1987, p. 41). In this sense, the role of education stands out. Besides being 
one of the 17 SDGs, UNESCO (2017) points out that Education for Sustainable Development 
(ESD) is essential for the achievement of the others 16 goals since, through ESD, skills for 
sustainability can be taught for “enabling individuals to contribute to sustainable development 
by promoting societal, economic and political change as well as by transforming their own 
behaviour” (p. 8).  
Focusing on higher education, when these goals are considered, it acquires a 
broader perspective. Professional training must go further traditional technical training, and 
consider social, economic and environmental aspects of human activities (BARBA-
SÁNCHEZ; ATIENZA-SAHUQUILLO, 2017; CHAN et al., 2017; FAN; YU, 2017; 
GLASSEY; HAILE, 2012). In this sense, the development of soft skills in students should be 
sought (AHMAD; AMEEN; ULLAH, 2017; COTTAFAVA; CAVAGLIÀ; CORAZZA, 
2019; DHARMASASMITA; PUNTHA; MOLTHAN-HILL, 2017). The recognition of this 
thematic increasing importance by academics can be verified in international journals such as 
Journal of Cleaner Production (ISSN: 0959-6526; eISSN: 1879-1786), International Journal 
of Sustainability in Higher Education (ISSN: 1467-6370), International Journal of Sustainable 
Development and World Ecology (ISSN: 1350-4509; eISSN: 1745-2627), and Journal of 
Engineering Education (ISSN: 2168-9830). 
In this context, the insertion of sustainability in engineering education may be 
highlighted as an important field to be debated and explored, due to the role played by 
engineers (ADOMβENT et al., 2014; HOLM; VUORISALO; SAMMALISTO, 2015; 




2018). Aligned with this argue, in 2004, the Barcelona Declaration was a landmark for the 
debate regarding Engineering Education for Sustainable Development (EESD) (HUGÉ; 
MAC-LEAN; VARGAS, 2018; SEGALAS; FERRER-BALAS; MULDER, 2008). Since 
then, engineering education has been facing several transformations in recent decades forward 
sustainable development (LAZZARINI; PÉREZ-FOGUET, 2018; RAOUFI et al., 2019). 
However, the increasing debate on EESD also creates several issues around this thematic.  
A recurring topic of interest in researches is the transdisciplinary character of 
sustainability, since the complexity of this feature generates challenges that demand creative 
solutions to be addressed (ASHFORD, 2004; GUERRA, 2017; SHIELDS; VERGA; 
ANDREA BLENGINI, 2014; TEJEDOR; SEGALÀS; ROSAS-CASALS, 2018). Among the 
solutions pointed out in the literature, problem-based learning and project-based learning can 
be highlighted (LEAL FILHO; SHIEL; PAÇO, 2016). This kind of approach facilitates the 
insertion of sustainability concepts in engineering courses, since they aim to develop critical 
thinking and problem-solving skills in students (GUERRA, 2017; VON BLOTTNITZ; 
CASE; FRASER, 2015).  
In the literature, there are also several cases regarding the insertion of 
sustainability in higher education (BERCHIN et al., 2017; CINCERA et al., 2018; FERRER-
BALAS; BUCKLAND; DE MINGO, 2009; HUGÉ; MAC-LEAN; VARGAS, 2018; LEAL 
FILHO et al., 2018). Specific issues have also been addressed, such as academics profile 
required for a successful EESD (LAZZARINI; PÉREZ-FOGUET; BONI, 2018), a 
cyberlearning platform proposition to facilitate sustainable product design teaching in 
engineering courses (RAOUFI et al., 2019), experiences of universities to insert sustainability 
in their campuses (RWELAMILA; PURUSHOTTAM, 2016; SOARES et al., 2015; SONG; 
CHOI, 2015), among others. Another important point to be highlighted is that the insertion of 
sustainability in higher education requires an analysis of national/cultural contexts 
(DLOUHÁ; VINTAR MALLY; DLOUHÝ, 2017; LEAL FILHO et al., 2018). Nonetheless, 
there were not found studies proposing guidelines for EESD for Brazilian context. It is also 
worth noting the role of context in these guidelines. In Brazil, the Resolution nº 2 of April 24, 
2019, published by Ministry of Education, that establishes the National Curriculum 
Guidelines of the Engineering Undergraduate Course, highlights the necessity of engineering 
courses to prepare their students to work for sustainable development and include it in their 
pedagogical projects (BRAZIL, 2019). 




Brazil are still required and there are several issues that need to be addressed. Finally, it must 
be highlighted that the thematic “engineering education” is within the research line 
“Production Engineering Systems” of Materials and Manufacturing Processes area, from 
School of Mechanical Engineering, at the University of Campinas (Unicamp). Additionally, 
the thematic of this research is within two areas of Abepro (Brazilian Association of 
Production Engineering): “education in production engineering” and “production engineering, 
sustainability and social responsibility”. The following subsection details the research 
questions that guided this research.  
 
1.2 Research Questions 
 
Considering the important role played by the research question to guide the 
research, and following the requirements presented by Ritchie and Lewis (2003), this research 
was driven from three main questions: 
a) How the difficulties associated with the inclusion of sustainability in 
engineering education are related, based on the opinion of lecturers of 
engineering? 
b) How are the engineering students’ perceptions on the main challenges 
observed in the Education for Sustainable Development (ESD) in 
engineering courses offered by Brazilian institutions? 
c) How are the engineering students' perceptions regarding sustainability? 
 
This thesis is presented according to the alternative format, according to 
INFORMAÇÃO CCPG Nº 002/2018, Art. 2nd. Therefore, it is composed by the articles, 
related with each other. The articles from this research were published in two journals with 
high impact factor1: 
1) Journal of Cleaner Production (ISSN: 0959-6526; eISSN: 1879-1786): 
2018 Journal Impact Factor = 6.395; 5 Year Impact Factor = 7.051. 
2) International Journal of Sustainable Development and World Ecology 
(ISSN: 1350-4509; eISSN: 1745-2627): 2018  Journal  Impact  Factor  = 
                                                          




2.811; 5 Year Impact Factor = 2.3962. 
 
1.3 Objectives  
 
1.3.1 General Objective 
 
This thesis aims to propose guidelines to increase the debates regarding the 
insertion of sustainability in engineering education.  
 
1.3.2 Specific Objectives 
 
Since this research was based in three macro phases, the specific objectives will 
be presented independently.  
 
1) To understand how difficulties associated with the inclusion of 
sustainability in engineering education are related, based on the opinion of 
lecturers of engineering. For this, the following steps were taken: 
a. Conduct a literature review to raise the difficulties associated with 
the inclusion of sustainability in engineering education; 
b. Conduct a panel of experts to organize the referred difficulties into 
constructs to develop the theoretical model; 
c. Conduct a survey to understand lecturers’ perception about the 
difficulties; 
d. Validate the model proposed through Partial Least Squares - 
Structural Equation Modeling (PLS-SEM). 
 
2) To analyze engineering students’ perceptions on the main challenges 
                                                          








observed in the Education for Sustainable Development (ESD) in 
engineering courses offered by Brazilian institutions. This macro phase was 
conducted via the following steps: 
a. Conduct a systematic review of the literature about the challenges 
faced to insert ESD in engineering undergraduate courses; 
b. Conduct a survey with engineering students to collect data for 
analysis; 
c. Perform data analysis using a multi-criterion decision-making 
technique TOPSIS to rank the challenges. 
 
3) To evaluate the engineering students' perception regarding sustainability.  
a. Conduct a literature review about sustainability aspects;  
b. Perform a panel of experts, to organize the constructs of the model 
to be tested;  
c. Perform a survey with undergraduate students, to understand how 
they think about sustainability; 
d. Analyze the data via Partial Least Squares - Structural Equation 
Modeling (PLS-SEM) to validate the model.  
 
1.4 Originality and relevance 
 
Due to the lack of researchers proposing guidelines for the insertion of 
sustainability in engineering education in Brazil, the objective of this thesis was established. 
The use of statistical techniques to validate the results obtained also contribute to the novelty 
of this research. There are few researches in the literature using multivariate data analysis 
techniques and techniques of decision support (e.g. PLS-SEM - Partial Least Squares-
Structural  Equation  Modeling; and TOPSIS - Technique for Order of Preference by 
Similarity to Ideal Solution) for studies related to applied social sciences and they are pointed 
out as an important mean for researchers to perform exploratory studies on topics little 
explored, such as EESD. It is important to emphasize that the results of this research are 
original, since no other research carried out these methodological procedures for this purpose.   




evaluate their initiatives to insert sustainability in the courses, improving planning and 
execution of them. Researchers can also use these results as a starting point for future 
research, to validate the results or reevaluate them in other realities and to develop a model to 
enable and facilitate the insertion of sustainability in engineering courses. 
 
1.5 Thesis structure 
 
Besides this introduction, this thesis is composed by three more chapters. In 
chapter 2, the three published articles are presented. These articles present the results of the 
specific objectives, aligned with information presented in section 1.3.2. In chapter 3, the 
discussion regarding the connections among the articles is developed. Chapter 4, for its turn, 
is dedicated for the final conclusions about this research and the propositions for future 




2 PUBLISHED ARTICLES   
 
This chapter presents the articles that compose this research.  
The first article is called “An analysis of the difficulties associated to 
sustainability insertion in engineering education: Examples from HEIs in Brazil”. It was 
published in Journal of Cleaner Production and aims to address the first specific objective, 
that is to understand how difficulties associated with the inclusion of sustainability in 
engineering education are related, based on the opinion of lecturers of engineering. 
The second article, “Some of the challenges in implementing Education for 
Sustainable Development: perspectives from Brazilian engineering students”, was published 
in Journal of Sustainable Development & World Ecology. This article aimed to analyze 
engineering students’ perceptions on the main challenges observed in the Education for 
Sustainable Development (ESD) in engineering courses offered by Brazilian institutions, that 
is, the second specific objective. 
The third article, “Analysis of the perception of engineering students regarding 
sustainability” was published in Journal of Cleaner Production. In this phase of the research, 
the aim was to evaluate the engineering students' perception regarding sustainability.  
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This paper aims to understand how the difficulties associated with the inclusion of sustainability in
engineering education are related. From the literature review, eleven difficulties were compiled and
posteriorly, a panel of experts was conducted to divide them into two groups, namely “difficulties
associated with structure and planning” and “difficulties observed in didactic practice”. These groups
were used as a basis of a survey, involving Brazilian lecturers who work with sustainability in engi-
neering courses. The collected data were analysed through Structural Equation Modelling, using Partial
Least Squares method. The validation of the model was divided into nine different steps. A causal
relationship between the two groups was verified through the present research, that is, the greater the
difficulties associated with the structure and planning, the greater will be the difficulties observed in
didactic practice. The results of this paper may be used by researchers in their future studies and by
lecturers and coordinators as a guide to the inclusion of sustainability in engineering education.
© 2018 Elsevier Ltd. All rights reserved.1. Introduction
Many Higher Education Institutions (HEI) are increasingly con-
cerned about the education of the future professionals who will
work in the market. Contrary to what occurred a few decades ago,
merely technical training no longer meets the requirements stip-
ulated by society; it is necessary to develop a professional that, in
addition to the technical content mentioned, also have a critical
sense regarding environmental and social aspects (Barba-Sanchez
and Atienza-Sahuquillo, 2017; Chan et al., 2017; Fan and Yu, 2017;S. Rampasso), rosley@fem.
lva), cooper@fem.unicamp.br
.L.G. Quelhas), walter.leal2@
usherbrooke.ca (L.A. Santa-Glassey and Haile, 2012). According to Staniskis and Katiliut _e
(2016), sustainability needs to be central to the design of educa-
tional policies in HEI. It has been encouraged over the years through
international declarations for sustainable development in higher
education.
These declarations are characterized as landmarks for the in-
clusion of sustainability into higher education since they provide
guidelines to be followed in order to conduct this inclusion. Agenda
21 in Rio Declaration, the Ubuntu Declaration (2002), The Earth
Charter and, specifically for the Engineering Education for Sus-
tainable Development (EESD), and the Barcelona Declaration
(2004) stand out among these landmarks (Segalas et al., 2008). The
last declaration is particularly important due to the role of engi-
neers in society. Faced with a wide variety of possible practical
applications, the concern about sustainability becomes even more
critical in engineering courses (Glassey and Haile, 2012; Ortega-
Sanchez et al., 2018).
1 http://www.iau-hesd.net/sites/default/files/documents/declaration_of_
I.S. Rampasso et al. / Journal of Cleaner Production 193 (2018) 363e371364
17 The traditional teaching of engineering, with an exclusive focus
on optimizing solutions from the economic point of view, is
changing. Nowadays, responsibility for the negative impacts
generated by these solutions also includes social and environ-
mental aspects. This new concept of “engineering responsibilities”,
which permeates different values towards sustainability, must be
included in the education of future engineers (Guerra, 2017;
Palacin-Silva et al., 2017; Staniskis and Katiliut _e, 2016). The new
generation of professionals should work towards sustainable
development, that is, they must meet the needs of society without
compromising the capacity of future generations to attend their
necessities (Brundtland, 1987; Huge et al., 2018; Soini et al., 2018).
Therefore, the improvement of the curricula of the engineering
courses is essential for universities to follow the evolution of the
market and thus better empower its students (Bussemaker et al.,
2017).
Although desired, this new conception of “engineering re-
sponsibilities” is still being inserted in many educational in-
stitutions. From the three sustainability dimensions, the economic
one has always been present in the mentioned courses; the envi-
ronmental sustainability, for its turn, is getting more and more
space (Edvardsson Bj€ornberg et al., 2015; Fisher and McAdams,
2015; Haase, 2014; Hamid et al., 2017); however, the social
dimension still needs more attention, according to Edvardsson
Bj€ornberg et al. (2015).
The difficulties to insert sustainability concepts in engineering
education have been pointed out for a long time. Curricular changes
are complicated and sustainable development is a complex issue
(Elms and Wilkinson, 1995). Currently, there are still many chal-
lenges to be overcome to fully integrate sustainability into the
curricula of engineering courses (Glassey and Haile, 2012; Holgaard
et al., 2016; Huge et al., 2018; Mulder, 2017; Palacin-Silva et al.,
2017; Sivapalan et al., 2017). Examples of these difficulties are the
lack of integration among the areas that compose the courses
(Bussemaker et al., 2017; Fan and Yu, 2017), the low understanding
of the importance of interdisciplinarity by teachers (Fan and Yu,
2017) or aspects of education for sustainability in relation to
educational theories of the affective domain (Shephard, 2008),
among others.
Against this background, this paper aims to analyse the diffi-
culties associated with the inclusion of sustainability in engineer-
ing education in Brazil and tries to confirm the hypothesis that the
difficulties associated with structure and planning have a causal
relationship with the difficulties observed in didactic practice.
There is no article in the studied literature that statistically proves
this causal relationship, this being the research gap identified by us.
Additionally, it will also present the average intensity noted for
each difficulty according to the perception of lecturers involved
with sustainability initiatives in engineering courses. The main
contribution, in turn, lies in the fact that the results presented here
can be used in future research or as a guide for lecturers and course
coordinators.
Besides this introduction, the article contains four further sec-
tions. Section 2 is dedicated to the literature review about sus-
tainability in engineering education; to provide an overview of the
sustainability inclusion into engineering courses and to present a
background of relevant aspects of this inclusion. Section 2 further
presents the difficulties associated with its inclusion. Section 3
describes the methodology used, showing the research classifica-
tion and the procedures that allow the replication of the study by
other researchers. Section 4 presents the results of the statistical
treatment through Structural Equation Modelling, as well as the
debates related to them. Section 5 presents the conclusions of the
research.2. Background
2.1. Sustainability in engineering education
According to Barcelona Declaration (2004)1, engineers must
consider their role in society and the impacts of their activities on
the environment. They also should contribute to improve social
conditions and use their skills for sustainable development. Engi-
neering education must be integrated with sustainability aspects.
The development of an adequate curriculum for engineering
education, that contemplates the sustainability concepts requires
planning, time, the involvement of stakeholders (M€alkki and
Paatero, 2015) and the greater challenge: a “paradigm shift in en-
gineering” (Mulder, 2017, p. 1107). Debating and planning the most
appropriate manner to insert these concepts increase the chances
of success and contributes to the continuity of actions (Avila et al.,
2017; Danos et al., 2014; M€alkki and Paatero, 2015). Leal Filho et al.
(2016) corroborated with this point of view, arguing that the results
and benefits of the mentioned inclusion may be impaired by the
lack of a previous planning.
The existing literature about the inclusion of sustainability in
engineering education presents interesting reports that may
greatly contribute to the improvement of these courses
(Edvardsson Bj€ornberg et al., 2015; Holgaard et al., 2016; Salvatore
et al., 2016; Svanstr€om et al., 2012). The following paragraphs
synthesize some of these reports, presenting their main charac-
teristics and contributions.
In a survey conducted at eleven US universities, Salvatore et al.
(2016) identified that only six of them had sustainability actions
in their courses. It is important to emphasize that these actions
were performed in a complementary way through the provision of
extra courses and not through the full integration of concepts in the
great majority of disciplines.
Specifically addressing one of the sustainability dimensions,
Edvardsson Bj€ornberg et al. (2015) reported the inclusion of social
responsibility at KTH Royal Institute of Technology, an important
technical university of Sweden. The authors emphasize the diffi-
culties observed to conduct this inclusion and they point out useful
didactic tools as problem-based learning (PBL), or project-based
learning (PjBL) as done by Leal Filho et al. (2016). The approaches
favours the integration of sustainable development into the engi-
neering curriculum (Guerra, 2017; von Blottnitz et al., 2015), since
students have opportunities to develop critical thinking and
problem-solving skills through a self-directed study that requires
interdisciplinary knowledge (Guerra, 2017).
Holgaard et al. (2016) presented in their study two interesting
cases of the attempt to insert sustainability in engineering educa-
tion, one in Denmark (Aalborg University) and the other in
Australia (Royal Melbourne Institute of Technology - RMIT). For the
case of Aalborg University especially, they highlight the importance
of PBL for the success of the mentioned inclusion. For the case of
RMIT, they emphasize the curriculum based on capability, in which
the education is focused on the necessary capabilities for students’
professional life.
Svanstr€om et al. (2012) reported the inclusion of sustainable
development concept at Chalmers University of Technology, in
Sweden. According to them, the mechanical engineering program
of the University uses conceive-design-implement-operate (CDIO)
framework, which favours the mentioned inclusion. The CDIO is a
model that aims tomake engineering education better suited to thebarcelona_english.pdf.
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Additionally, an important contribution to be mentioned is a
theoretical study conducted by Mulder et al. (2010), through a re-
view of the literature about engineering education in sustainable
development. The authors provide relevant insights about aspects
of this inclusion, exploring the proper manner to conduct it. Envi-
ronmental projects within the universities’ campi and problem-
based learning are among these manners. However, they high-
light the need for a cultural change to transform this inclusion in a
concrete and lasting transformation.
Although there is research in Brazil on the subject, the inclusion
of sustainability in engineering education requires greater visibility
in the country. Since the 1980s, sustainability at different levels of
education is being inserted into Brazilian legislation. According to
law no. 6938/81, environmental education should be present at all
levels of education. The 1988 Constitution reinforced this require-
ment. In 1996, the Law of Guidelines and Bases of the Brazilian
Education nº. 9394/96 placed environmental education as a
guideline for education in Brazil. However, only since 1999 e with
law no. 9795/99, which established the National Policy on Envi-
ronmental Education e that this inclusion has become more
effective. Regarding engineering education, researchers point out
that in the decade of 2010 the aspects related to sustainable
development are still not properly inserted in undergraduate
courses, especially in technological courses, as engineering
(Loureiro, 2015).
Finally, although Segalas et al. (2009) argue that there is no
standard manner by which sustainability should be embedded in
higher education, the academic community still has much more to
discuss on this issue, since the understanding of the difficulties
associated with each case are important elements for maturing the
ideas (Tejedor et al., 2018). In this sense, the difficulties associated
with the inclusion of sustainability in engineering educationwill be
discussed in the following item.2 These activities may be any action or program carried out to promote sus-
tainable development education.2.2. Difficulties associated with the inclusion of sustainability in
engineering education
To analyse the main difficulties associated with the inclusion of
sustainability in engineering education, it is important to define the
concepts of multidisciplinarity, interdisciplinarity and trans-
disciplinarity. In multidisciplinarity, a certain challenge is split into
different parts and people from distinct areas work together to
solve it, with different focuses. In transdisciplinarity, a holistic
approach is sought, an approach that crosses the limits of the
knowledge areas, allowing full integration of different concepts. In
the interdisciplinarity approach, people from different areas work
together to create new knowledge that does not fit into any of the
original areas (Ashford, 2004; Guerra, 2017; Shields et al., 2014).
Although these concepts were not created in the context of
sustainability education (Ertas et al., 2003), they have been widely
mentioned by researchers from this area (Ashford, 2004; Guerra,
2017; Jahn et al., 2012; Shields et al., 2014; Thompson et al.,
2017). In engineering courses, the difficulties for using the
mentioned approaches seem to be greater. The curricula of the
engineering courses present very technical and relatively
embedded disciplines in relation to the changes (Ashford, 2004;
Desha and Hargroves, 2010; Martins et al., 2006; Mulder et al.,
2012). Although they have to work in a complex global market, in
which sustainability stands out as an important multidisciplinary
issue, engineering students are educated in courses with restricted
and isolated disciplines (Sharma et al., 2017).
For Nowotny et al. (2018), most of the difficulties associated
with the adoption of interdisciplinarity are due to the lack ofadequate and fully integrated didactic materials that allow a broad
vision of sustainability. In the same line of reasoning, Fenner et al.
(2005) comment that the few existing materials become rapidly
outdated due to the rapid changes noted.
Still in relation to the interdisciplinary character of sustainabil-
ity, in order to satisfactorily insert this issue into engineering
courses, it is important that universities are able to develop lec-
turers with new mentalities. These lecturers need to learn more
about sustainability dimensions and work collaboratively with
their co-workers (Iyer-Raniga and Andamon, 2016). Although this is
the desired situation, Mulder et al. (2012) emphasize the resistance
of lecturers as an obstacle to achieving better results from the in-
clusion of sustainability in engineering courses.
Another barrier pointed out by Biswas (2012) to obtain better
results is associated with the lack of interest of engineering stu-
dents in relation to sustainability concepts, highlighting, in partic-
ular, the social aspects. There are many reasons for it, according to
the authors, who emphasize the students' lack of maturity to deal
with the intrinsic complexity of the theme of sustainability. These
authors also point out that during graduation, students are usually
more interested in their grades than in the possible applications of
concepts taught throughout their careers. It should also be noted
that in some cases the disinterest may be due to the lack of align-
ment between what is taught in universities about sustainability
andwhat is demanded by themarket and by society (Hanning et al.,
2012; Sivapalan et al., 2017).
Returning to lecturers, the lack of motivation and their insecu-
rity may also be characterized as a hindrance and hamper the
achievement of better results. Specifically, in relation to social
sustainability, the lack of a clear definition of its meaning generates
insecurity in some lecturers during debates with their students
(Edvardsson Bj€ornberg et al., 2015). In addition, some teachers also
fear losing autonomy by inserting concepts of sustainability in their
disciplines and acting in a collaborative way with other lecturers
(Bryce et al., 2004; Sivapalan et al., 2017). There is still a perception
that, when acting in isolation in their disciplines, professionals
dominate a certain area of knowledge.
Some authors as Guerra (2017), Hopkinson and James (2010),
Schneider et al. (2008), Shields et al. (2014), and Sivapalan et al.
(2017) also mention that the overload of existing disciplines in
engineering courses may be an obstacle to the inclusion of sus-
tainability in the curriculum. Many lecturers need to work in
different courses and the lack of time prevents them from devel-
oping new ideas, preparing new materials or improving existing
disciplines (Desha and Hargroves, 2010).
Besides the teachers' lack of time, the scarcity of resources and/
or facilities to develop activities2 related to sustainability is
emphasized by several authors as a difficulty found when it aims to
insert sustainability in engineering education (Iyer-Raniga and
Andamon, 2016; Rydhagen and Dackman, 2011; Sivapalan et al.,
2017). The availability of resources for the development of con-
tent related to sustainability is essential to train teachers and, thus,
enable them to master sustainable development concepts
(Rydhagen and Dackman, 2011).
Logically, university commitment and constancy of purpose in
relation to activities linked to sustainability are important to ach-
ieve better results, as mentioned by Rydhagen and Dackman (2011).
However, it is still observed in several universities a conservative
vision, strongly associated to institutional processes that preclude
the change towards the inclusion of sustainability in engineering
education (Bryce et al., 2004; Hopkinson and James, 2010). The
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courses by rigid institutional structures justify the need for flexi-
bility of these structures (Iyer-Raniga and Andamon, 2016). The
teaching of concepts associated with sustainability should be
considered a priority issue (Sivapalan et al., 2017) and, for this,
universities must rethink their models and institutional processes
(Rydhagen and Dackman, 2011).
Focusing on the traditional disciplines of engineering courses, it
is observed that many of them are taught in an isolated way and,
therefore, it is difficult to insert sustainability according to a
transdisciplinary vision (Sivapalan et al., 2017). When taught in
specific disciplines, sustainability is generally approached in a
partial way with a greater focus on environmental aspects
(Hanning et al., 2012). Besides, Sivapalan et al. (2017) point out the
difficulty of understanding the relationship between engineering
and social and environmental sustainability. Social aspects,
particularly, are a great challenge for the teaching related to sus-
tainable development in engineering education due to lack of
clarity on this topic (Edvardsson Bj€ornberg et al., 2015; Hopkinson
and James, 2010).
Table 1 below summarizes the difficulties associated with the
inclusion of sustainability in engineering education, collected from
the literature, discussed above.
3. Methodology
Firstly, this section presents the research classification and,
subsequently, the developed methodological procedures.
3.1. Research classification
From the point of view of research strategies, this study was
based on desk research, a panel of experts and a survey. The desk
research was used to raise the difficulties associated with the in-
clusion of sustainability in engineering education, the panel of
experts allowed the division of the referred difficulties into two
groups and, finally, the survey provided the understanding of lec-
turers’ perception about the difficulties. A mixed approach to the
problemwas used, with both qualitative and quantitative aspects ofTable 1
Difficulties associated with the inclusion of sustainability in engineering education, colle
Difficulties
Difficulty in integrating disciplines and contents aimed at transdisciplinarity in
teaching sustainability
Difficulty to debate the inclusion of new activities related to sustainability
because many professionals believe that the curricula of engineering courses
are overloaded
Lack of access to adequate and constantly updated didactic material that
contemplates all sustainability dimensions for engineering courses
Difficulty in debating economic and social aspects in engineering disciplines,
with a focus on environmental sustainability
Lack of alignment between what is taught in engineering courses about
sustainability and the real market needs
Difficulty in training lecturers for sustainability teaching
Lack of interest of engineering undergraduate students for subjects related to
sustainability
Lack of motivation of lecturers for the inclusion of sustainability in the
engineering course
Lack of adequate facilities and/or resources to develop activities associated with
sustainability
Difficulty in changing disciplines and/or implementing new practices for the
teaching of sustainability due to the rigidity of institutional structures
Lack of support from university's topmanagement and/or the establishment of a
broad program aiming at greater promotion of sustainability teachingresearch, as Gray (2017) points out. Studying the difficulties asso-
ciated with the inclusion of sustainability in engineering education,
we are studying educational phenomena and, therefore, we have a
qualitative approach. On the other hand, using a numerical scale to
quantify the degree of observation of each difficulty in the in-
stitutions' environment and to carry out statistical analyses, we
performed a quantitative approach. Considering its nature, this is
an applied research and in relation to its objectives, it can be
classified as exploratory. We understand that there is still much to
be discussed with regard to the theme of inclusion of sustainability
in engineering education. Finally, the instrument for data collection
was a questionnaire and the analysis of the data was done through
modelling of structural equations.
The following steps were taken to achieve the results: literature
review, a panel of experts to create a first theoretical model, a
survey to collect data from lecturers who participated or still
participate in initiatives associated to the inclusion of sustainability
in the engineering courses and, finally, an attempt to validate the
proposed model through modelling of structural equations. Each
mentioned stage will be detailed below, allowing the replication of
this research.3.2. Review of the literature
The systematic literature review aimed to find out the diffi-
culties associated with the inclusion of sustainability in engineer-
ing education reported in the literature in order to perform a panel
of experts with the results. In this subsection, these difficulties
compiled in Table 1 are related. The articles analysed were from the
bases Springer, Science Direct, Taylor and Francis and Emerald
Insight. The terms used for the search were “engineering educa-
tion”, “sustainability”, “sustainable development”, “difficulties”.
Other terms were added after some searching, such as: “chal-
lenges”, “barriers” and “EESD”.
Only manuscripts that specifically mentioned difficulties in
engineering courses were used. A table with sentences regarding
difficulties found within the articles was constructed to group
similar difficulties. After analysing each of the articles, the diffi-
culties were grouped according to their similarities. In the end, 11cted from the literature.
References
(Ashford, 2004; Desha and Hargroves, 2010; Hopkinson and James, 2010;
Schneider et al., 2008; Shields et al., 2014)
(Crofton, 2000; Guerra, 2017; Hopkinson and James, 2010; Schneider et al.,
2008; Shields et al., 2014; Sivapalan et al., 2017)
(Fenner et al., 2005; Nowotny et al., 2018)
(Edvardsson Bj€ornberg et al., 2015; Guerra, 2017; Hanning et al., 2012;
Hopkinson and James, 2010; Schneider et al., 2008; Sivapalan et al., 2017)
(Hanning et al., 2012; Sharma et al., 2017; Sivapalan et al., 2017)
(Iyer-Raniga and Andamon, 2016; Martins et al., 2006; Mulder et al., 2012)
(Biswas, 2012; Rydhagen and Dackman, 2011)
(Bryce et al., 2004; Edvardsson Bj€ornberg et al., 2015; Fenner et al., 2005;
Guerra, 2017; Iyer-Raniga and Andamon, 2016; Mulder, 2017; Mulder et al.,
2012; Rydhagen and Dackman, 2011; Schneider et al., 2008; Sivapalan et al.,
2017)
(Desha and Hargroves, 2010; Iyer-Raniga and Andamon, 2016; Rydhagen and
Dackman, 2011; Sivapalan et al., 2017)
(Iyer-Raniga and Andamon, 2016; Sivapalan et al., 2017)
(Bryce et al., 2004; Holgaard et al., 2016; Hopkinson and James, 2010; Kamp,
2006; Rydhagen and Dackman, 2011; Sivapalan et al., 2017)
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3.3. Panel of experts
After listing the difficulties via literature review, a panel was
held with experts in engineering education. This panel was
composed of 4 lecturers of mechanical engineering, 2 lecturers of
production engineering, and 3 lecturers of chemical engineering.
These lecturers were selected based on their experience with sus-
tainability teaching in engineering courses and they also have ar-
ticles published on this subject. All the experts have more than ten
years of experience in this area and two of them are members of a
PhD program in sustainable development. The panel also had the
support of a doctor in education to coordinate the meetings. This
panel's objective was to stratify the difficulties into thematic con-
structs, thus creating a first theoretical model.
It is important to highlight that the panel of experts is a quali-
tative technique, that aims to solve a problem through opinions of
experts in the approached area (Campos et al., 2010). In this study,
the panel was used in a preliminary phase, to develop the basis of a
model statistically validated subsequently (Pinheiro et al., 2013).
For this study, the panel was realised in one meeting and the result
was reached in the third round of debate.
3.4. Survey
With the first theoretical model, it was possible to structure a
questionnaire and use it as a basis for collecting data from lecturers
who participated or still participate in initiatives associated with
the inclusion of sustainability in engineering education, in Brazil.
The questionnaire used was composed of 18 questions, of which
11 were related to the difficulties and 7 related to respondents’
information. For each of the difficulties, the participants were
required to indicate, on a scale of 0e10, howmuch they observed it
in the mentioned initiatives. At extremes, note 0 indicated an un-
observed difficulty while note 10 indicated a difficulty observed in
an intense manner.
In Brazil, all research involving the participation of human be-
ings, even in the character of opinion, must pass through the
appreciation of an ethics committee in research. The research
project and the questionnaire were submitted to the Research
Ethics Committee of the University where the research was con-
ducted and was approved, allowing researchers to perform the
survey.
The questionnaire was sent to 821 lecturers of engineering and
112 answers were obtained, thus characterizing a return rate of
13.64%. Regarding the institutions where the respondents experi-
enced the inclusion, 20.87% were state, 46.96% were federal, 27.83%
were private and 4.35% of the respondents did not answer. Among
the seventeen different engineering courses in which the re-
spondents taught, Mechanical Engineering, Production Engineer-
ing and Civil Engineering stood out. To facilitate data collection and
tabulation, we chose to use the Google Forms platform. The ques-
tionnaire was available on the mentioned platform for a period of
two months.
3.5. Data analysis
The resulting survey database was used to analyse the model
proposed in the panel of experts and the attempt to validate this
model was conducted using the Structural Equation Modelling
(SEM) technique, using the Partial Least Squares method (PLS). Hair
et al. (2014, p. 15): “PLS regression is a regression-based approach
that explores the linear relationships between multiple indepen-
dent variables and a single or multiple dependent variable(s)”. Inthe SEM, the correct allocation of parameters in thematic con-
structs is analysed and, later, the causal relations between these
constructs are studied (Henseler et al., 2016; Xue et al., 2018). In
order to facilitate the presentation of the results, the validation of a
PLS-SEM model was divided into nine different steps, based on the
considerations proposed by Hair et al. (2014) and Ringle et al.
(2014). This sequence will be used to describe the results. The
software used were G*Power and SmartPLS. These steps were also
used in other research of the group to which the researchers
belong.
The first step to take is the elaboration of a model, based on the
existing literature and experts’ opinion, to be statistically tested.
The second step is the definition of minimum sample size, through
the software G*Power (Ringle et al., 2014). To calculate it, the
following parameters should be used: F test for the test family;
linear multiple regression, fixed model and R2 deviation from zero
for the statistical test; a test power of 80%; 5% for the probability of
error; and effect size of 15% (Hair et al., 2014).
The third step is characterized by the validation of the proposed
model and the application of Partial Least Squares Structural
EquationModelling (PLS-SEM). For this, PLS Algorithmmust be run,
using the software SmartPLS, with path weighting scheme for the
weighting scheme; mean 0 and variance 1 for data metric; 300 as a
maximum number of iterations and abort criterion of 0.00001
(Ringle et al., 2014).
In the sequence, it is possible to evaluate the convergent validity
through the average variance extracted (AVE) (fourth step). To
validate this step, the AVEs must have 0.50 in all constructs (Ringle
et al., 2014).
In the fifth step, the internal consistency is analysed with
Cronbach's Alpha (CA> 0.60) and Composite Reliability (CR> 0.70)
coefficients. This analysis is conducted to verify the data bias, that
is, the accuracy of data (Hair et al., 2014). However, specifically for
SEM, composite reliability is better to evaluate the internal con-
sistency (Ringle et al., 2014).
The sixth step aims to verify the correct allocation of the vari-
ables. For this, Chin criteria (1998) is used. To be validated, the outer
loading of each variable must be higher in its own construct (Ringle
et al., 2014). In step seven, the evaluation is carried out over the
coefficients of determination (R2 values). Through this analysis, the
predictive accuracy of the model is measured (Hair et al., 2014).
Values of 2%, 13% and 26% characterize small, medium and large
effect, respectively (Ringle et al., 2014).
The “Bootstrapping”, from SmartPLS, is used in the eighth step.
This technique enables the analysis of linear correlations and re-
gressions for p-values  0.05, with 5000 samples. To be validated,
all the calculated values must be higher than 1.96. This result in-
dicates that the linear correlations and regressions are valid for at
least 95% of the cases (Ringle et al., 2014).
Finally, the last step is composed of redundancy (Q2) and com-
monality (f2). This is analysed to verify the quality of structure
adjustment (Ringle et al., 2014). The Q2 verify howmuch the model
structure is close to what was expected of it. It should have values
greater than zero. The Cohen Indicator (f2) shows the usefulness of
each construct for the model and values of 0.02, 0.15 and 0.35 are
considered small, medium and large, respectively (Hair et al., 2014;
Ringle et al., 2014). These values are obtained through the module
“Blindfolding” in SmartPLS.
4. Results and discussion
4.1. Panel of experts
The panel of experts aimed to analyse the difficulties compiled
from the literature and create a first model of causal relationship.
Fig. 1. Theoretical initial model proposed by the panel of experts (Source: Authors).
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21 From the results of the literature review, the experts divided the
difficulties into two constructs. The establishment of only two
constructs, the name of each construct and the distribution of the
difficulties between them were made by specialists. The experts
allocated the difficulties into two thematic constructs that are
related to each other, namely: Construct 1 - “Difficulties associated
with structure and planning” and Construct 2 - “Difficulties
observed in didactic practice”. Tables 2 and 3 present the difficulties
allocated in each construct. For the references of the difficulties,
vide Table 1.
Therefore, the first theoretical model to be testedwas defined, in
which, the Construct 1 influence the Construct 2, as illustrated in
Fig. 1.
Fig. 1 shows that, according to the panel of experts, the diffi-
culties associated with structure and planning directly influences
the difficulties observed in didactic practice. This is the model to be
tested in the next section.Fig. 2. Values obtained by applying the PLS-SEM Method (Source: Authors).
Table 4
Quality Criteria for the analysed model (Source: Authors).
Constructs AVE Composite Reliability Cronbach's Alpha
Pl 0.512 0.860 0.804
Pr 0.574 0.869 0.8134.2. Statistical validation
Once the model to be tested is defined, it is necessary to
calculate the minimum sample size (step 2). For this, G*Power
softwarewas usedwith the parameters recommended by Hair et al.
(2014). The results showed that a minimum sample of 55 re-
spondents is necessary. Thus, the database with 112 respondents
was fully adequate to the analysis (test power of 98.22%).
In step three, PLS Algorithm was applied. The values obtained
with this method are presented in Fig. 2 and Table 4.
The values presented in Fig. 2 have two meanings. The value
0.736 is the path coefficient. It indicates a high causality between
the constructs. The values between the constructs and their pa-
rameters are the factorial loads. They show howwell each difficulty
is associated with their construct. In this model, the proximity of
factorial loads does not allow comparisons.
The fourth step was characterized by the analysis of averageTable 2
Construct 1. Difficulties associated with structure and planning (Pl).
Pl1 Difficulty to debate the inclusion of new activities related to
sustainability because many professionals believe that the curricula of
engineering courses are overloaded
Pl2 Difficulty in training lecturers for sustainability teaching
Pl3 Lack of access to adequate and constantly updated didactic material that
contemplates all sustainability dimensions for engineering courses
Pl4 Lack of adequate facilities and/or resources to develop activities
associated with sustainability
Pl5 Difficulty in changing disciplines and/or implementing new practices for
the teaching of sustainability due to the rigidity of institutional
structures
Pl6 Lack of support from university's top management and/or the
establishment of a broad program aiming at greater promotion of
sustainability teaching
Table 3
Construct 2. Difficulties observed in didactic practice (Pr).
Pr1 Difficulty in integrating disciplines and contents aimed at
transdisciplinarity in teaching sustainability
Pr2 Difficulty in debating economic and social aspects in engineering
disciplines, with a focus on environmental sustainability
Pr3 Lack of interest of engineering undergraduate students for subjects
related to sustainability
Pr4 Lack of motivation of lecturers for the inclusion of sustainability in the
engineering course
Pr5 Lack of alignment between what is taught in engineering courses about
sustainability and the real market needsvariance extracted (AVE). As can be observed in Table 4, all the
values are higher than 0.50, which indicate the satisfactory result of
the model convergence. For the composite reliability (step five), all
the values are higher than 0.70 and the values for the Cronbach's
alpha are greater than 0.60, denoting the absence of biases as
recommended by Ringle et al. (2014).
The cross-loadings were analysed in step six. This analysis aims
to verify the best allocation of each variable (Chin, 1998). Using this
analysis it was found that the greatest outer loads for the param-
eters occur in their own constructs and therefore the difficulties are
correctly allocated.
Step seven analysed the coefficients of determination (R2
values). For the proposed model, it is necessary to calculate the
coefficients of determination only for the endogenous construct, in
this case, the construct 2, about the difficulties observed in didactic
practice. The calculated value of R2 was 0.542 whichmeans that the
effect is large and satisfactory, according to Cohen (1988) concep-
tion. For Ringle et al. (2014), this value denotes the quality of the
adjusted model.
To verify the assumption that linear correlations and regressions
are valid for at least 95% of the cases, the resampling technique was
used (step 8). The t-student values observed between the param-
eters and their constructs were much higher than 1.96 (the lowest
value identified for difficulty Pl3¼ 5.025). The t-student value be-
tween the two constructs was also shown to be adequate (18.249).
Finally it analysed the indicators of redundancy (Q2) and com-
monality (f2). They are associated with the quality of the adjusted
model. In Table 5, it is possible to verify that all values are adequate
(Q2> 0; f2z 0.35), as recommended by Ringle et al. (2014).
After analysing these nine steps, the proposed model isTable 5
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22 validated. According to which, the construct “Difficulties associated
with structure and planning” directly influences the construct
“Difficulties observed in didactic practice”.
Additionally, Figs. 3 and 4 show the arithmetic means for each
difficulty. As it is shown, the means were between 4.29 and 5.83,
which indicates the relevance of every difficulty for the analysed
sample.5. Discussion
It is important to highlight that PLS-SEM is a soft modelling
technique regarding distributional assumptions, however, it pro-
vides “very robust model estimations” and it is used in explanatory
researches (Hair et al., 2014). Therefore, the validation of the model
obtained in this study does not imply that no other model may be
validated. And the validation of other models does not invalidate
this study since it is exploratory and was statistically validated
through PLS-SEM.Fig. 3. Arithmetic mean for each difficulty from planning group (Source: Authors).
Fig. 4. Arithmetic mean for each difficulty from didactic practice group (Source:
Authors).It is possible, with this validation, to recognize that the over-
loaded curricula of engineering courses (Guerra, 2017; Shields et al.,
2014; Sivapalan et al., 2017), the lack of lecturers qualification (Iyer-
Raniga and Andamon, 2016; Mulder et al., 2012), the lack of an
adequate and updated didactic material (Nowotny et al., 2018), the
lack of adequate facilities and/or resources (Iyer-Raniga and
Andamon, 2016; Sivapalan et al., 2017), the institutional struc-
tures rigidity (Iyer-Raniga and Andamon, 2016; Sivapalan et al.,
2017), and the lack of support from university top management
(Holgaard et al., 2016; Rydhagen and Dackman, 2011; Sivapalan
et al., 2017), observed during the planning phase directly in-
fluences the sustainable teaching practice in engineering courses.
As a consequence, there is lack of transdisciplinarity (Desha and
Hargroves, 2010; Hopkinson and James, 2010; Shields et al., 2014),
excess focus on environmental aspects (Edvardsson Bj€ornberg
et al., 2015; Guerra, 2017; Sivapalan et al., 2017), students disin-
terest (Biswas, 2012; Rydhagen and Dackman, 2011), lack of moti-
vation of lecturers (Guerra, 2017; Mulder, 2017; Sivapalan et al.,
2017), and a lack of alignment between what is taught in engi-
neering courses about sustainability and the real market needs
(Sharma et al., 2017; Sivapalan et al., 2017).
The results presented corroborate the literature since they
reinforce the importance of adequate planning for the success of
curricular changes in favour of sustainability (Avila et al., 2017;
Danos et al., 2014; M€alkki and Paatero, 2015).
Regarding the implications of this study, it is important to note
that when the difficulties from the construct “Difficulties associated
with structure and planning” are solved before the implementa-
tion, the difficulties from the construct “Difficulties observed in
didactic practice” might be minimized. However, there is no guar-
antee that solving the difficulties from the second construct, the
difficulties from the first one will diminish. Therefore, the diffi-
culties associated with structure and planning must be considered
in the first place, in order to enable a successful inclusion of sus-
tainability in engineering education.6. Conclusions
This research verifies that for the analysed sample the diffi-
culties in planning the inclusion of sustainability in engineering
education directly affect the difficulties found in didactic practice.
Again, the originality of the present study is emphasized by the lack
of studies that statistically prove this relationship.
The main contribution of this exploratory research is the sta-
tistically validated model. According to this model, it is important
for HEI to give a special attention in aspects of the structuring and
planning phase for the inclusion of sustainability in engineering
teaching, since the difficulties of this phase directly affect the dif-
ficulties faced during the didactic practice.
In practical terms, the results of this study show that when a
lecturer or an HEI intends to insert sustainability aspects into en-
gineering education, there is a basis that needs to be fulfilled. If it is
correctly performed, students will have a broader education and
the society will benefit.
The causal relationship mentioned above and the degree of
observation of each difficulty can be used by academic researchers
in the education area, as a starting point for future research, or by
lecturer/coordinators interested in improving their courses. Based
on the results presented here, lecturers/coordinators may give
greater attention to the planning phase, consequently, minimizing
directly the difficulties observed in didactic practice.
The main limitation of this research is due to its exploratory
nature. We understand that the theme “sustainability in engi-
neering education” still requires much debate and there are no
I.S. Rampasso et al. / Journal of Cleaner Production 193 (2018) 363e371370
23 conclusions that can be generalized for all cases. However, the
statistical validation of a causal model through Structural Equation
Modelling allows conclusions to be drawn for a considerable
sample. A future research could also focus on the development of a
model for the inclusion of sustainability in engineering education,
based on the difficulties outlined on this paper.References
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This article aims to analyse some of the main challenges evidenced in the 
insertion of sustainability in engineering courses, according to the view from a 
sample of Brazilian students. Through a systematic literature review, a set of 10 
challenges were structured to base the research instrument (questionnaire). These 
challenges were evaluated by 91 engineering students who participate in 
sustainable action programs promoted by Enactus Brazil. The collected data were 
analysed in terms of the averages assigned and via the multi-criteria decision 
technique TOPSIS, which allowed ranking the challenges. The averages were 
higher than 5.0 on the scale used, indicating that the students notice the existence 
of the challenges in the courses in which they are enrolled. The ranking via 
TOPSIS presented the most evident challenges: ‘Sustainable issues debated only 
in specific disciplines in a limited extent’; ‘Difficulty to integrate disciplines for 
the broad teaching of sustainability’; ‘Lack of practical and real examples of how 
sustainability can be embedded in the specific context of the course’; and 
‘Activities and examples presented focus exclusively on environmental issues’. 
The results presented here may be useful for course coordinators to improve their 
curriculum; educators to enrich their disciplines from the findings reported here; 
and researchers interested in the subject can use these findings as a starting point 
for proposing new teaching techniques. No similar publications were found in the 
literature, which indicates its originality and contribution to the knowledge base. 
Keywords: Sustainable Development; Engineering Education; Educational 
Challenges 
Introduction and Theoretical Background 
Quality Education is pointed out by the United Nations as one of the 17 Sustainable 
Development Goals (SDGs) (UN 2015). Aware of its importance, several authors argue 
that it can be used as an instrument for the training of future professionals who will 
develop solutions for a better world, in which economic, social and environmental 
aspects will coexist in harmony (Sivapalan 2016; Guerra 2017; Sandri et al. 2018). 
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According to Svanström et al. (2018) and UNESCO (2017), these professionals must 
have some key competences, such as: Systems thinking competency; Anticipatory 
competency; Normative competency; Strategic competency; Collaboration competency; 
Critical thinking competency; Self-awareness competency; Integrated problem-solving 
competency. This argument is in line with the definition of SD, according to which 
activities that meet the needs of the current generations do not jeopardize future 
generations (Brundtland 1987; Camioto et al. 2017; Gbededo et al. 2018; Leal Filho et 
al. 2018; Olawumi and Chan 2018).  
In this sense, Education for Sustainable Development (ESD) as a process stands 
out. Although the fourth goal set by the UN strongly emphasizes it, there is a consensus 
that it contributes decisively to the reach of the other 16 SDGs. According to UNESCO 
(2017), the learning process for this purpose must contemplate three domains: cognitive, 
socio-emotional and behavioural.  
It is important to note that ESD is not new. The United Nations Educational, 
Scientific and Cultural Organization (UNESCO) has been working on this concept since 
the late 1980s. However, the concern and focus around this theme increases every year 
(UNESCO 2017), and has gained a new momentum with the launching of the document 
“The Future we Want” (Leal Filho, Pace, Manolas 2015). In addition, in recent decades 
the business environment has been demanding professionals able to critically analyse 
challenges in the light of SD concepts (Halati and He 2018; Olawumi and Chan 2018). 
Currently, organizations' concerns about the impacts of their actions go beyond 
the manufacturing of their product. In the SD perspective, the whole product life cycle 
must be considered, from the development to the final disposal (Somsuk and 
Laosirihongthong 2017; Gbededo et al. 2018; Lindow et al. 2018). In this new reality, 
the need to include new concepts associated with SD in training of new professionals 
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began to be debated by the academic community, including the training of new 
engineers (Faham et al. 2017; Tejedor et al. 2018). Much is said in the need for the 
training of engineers to provide them with critical analysis and a vision that considers 
the impacts of their decisions in the long term and globally (Adomßent et al. 2014; 
Holm et al. 2015; Lazzarini et al. 2018; Pérez-Foguet et al. 2018; Thürer et al. 2018). 
Despite the broad debate in the academic community about these needs in the training 
of new engineers (Thürer et al. 2018; Ortega-Sánchez et al. 2018; Rampasso et al. 
2018), there are many challenges for the integration of sustainability into a truly 
transformative education (Davim and Filho 2016; Rampasso et al. 2018).  
Rampasso et al. (2018) in their research, sought to analyse the perception of 112 
professors about the main difficulties associated with the insertion of sustainability 
contents in engineering courses, in Brazil. These authors validated the hypothesis that 
challenges in the planning phase of actions related to sustainability teaching reflect the 
challenges in the didactic activities of this teaching.  In order to follow the work of 
Rampasso et al. (2018) and expand the academic debates, this research aims to evaluate 
the perception of engineering students in relation to the main challenges observed in the 
insertion of sustainability in their courses. In short, Rampasso et al. (2018) analysed the 
perception of the professors and now this article analyses the perception of the students. 
It is important to point out already that the respondents of this research are engineering 
students and participate in social initiatives developed by Enactus Brazil, an 
international, non-profit organization that brings together undergraduate students to 
develop social projects. Its mission is to stimulate students to improve the world 
through innovation and entrepreneurship and, thus, to contribute to society through their 
projects. In addition to social sustainability, the environmental and economic 
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dimensions of sustainability are also present in most of its projects (Enactus 2018a; 
Enactus 2018b). 
Apart from this introduction and theoretical background which now follows, this 
article is composed of 3 more sections. Section 2 presents the methodological 
procedures, which allows the replication of this research. Section 3 presents the results 
and associated debates and, finally, Section 4 presents the main conclusions of this 
study. The references used are listed at the end.   
Specific challenges faced by Education for Sustainable Development 
The implementation of the transdisciplinarity concept in engineering education faces 
several challenges, many of them due to the holistic nature of this approach (Shields et 
al. 2014). It is a concept that not only unites different areas of knowledge but articulates 
knowledge from different fields (Tejedor et al. 2018). The insertion of sustainability in 
engineering teaching is characterized by transdisciplinarity and faces many challenges 
to reach satisfactory results in student training (Shields et al. 2014; Tejedor et al. 2018). 
Besides the intrinsic challenge due to the transdisciplinary nature of the theme, 
the lack of integration among the disciplines of engineering courses also increases the 
difficulty of an ESD. In this way, issues related to SD are superficially addressed 
without the deepening that could occur if there were greater connection between the 
disciplines and greater freedom for students to explore knowledge different from those 
traditionally presented to them (Schneider et al. 2008; Hopkinson and James 2010; 
Shields et al. 2014; Guerra 2017; Sivapalan et al. 2017). As a result of this lack of 
integration, there is an excessive focus on certain aspects of sustainability over other 
(Guerra 2017).    
In this sense, the excessive focus on environmental issues stands out. This is 
especially important when social sustainability is considered. Social sustainability has 
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historically been little considered in engineering courses. It is clear, therefore, of the 
loss generated for this concept due to the cited imbalance (Edvardsson Björnberg et al. 
2015; Guerra 2017). Considering the ease of explanation and teaching, the social 
dimension of sustainability presents intrinsic disadvantages when compared to the other 
dimensions. The environmental impacts generated by a human activity, for example, are 
more easily measurable than the social impacts and its explanation becomes more 
tangible to the professor in the classroom from the educational perspective. The concept 
of social sustainability, itself, is complex to be defined (Edvardsson Björnberg et al. 
2015; Seay 2015).  
Another important point to highlight is the need for training and professional 
development of the professors, to enable them to transmit to their students the necessary 
knowledge; to always consider aspects of sustainability. The absence of this training for 
engineering professors generates insecurity and lack of interest for the subjects related 
to SD. And, given their role in the training of future engineers, the consequences of this 
will have multiplier effects in the future (Schneider et al. 2008; Rydhagen and Dackman 
2011; Mulder et al. 2012; Edvardsson Björnberg et al. 2015; Iyer-Raniga and Andamon 
2016; Guerra 2017; Mulder 2017; Sivapalan et al. 2017; Palacin-Silva et al. 2017). A 
proper training would enable professors to provide an enriching education to students on 
engineering courses. 
An enriching education will allow the future engineers to critically think about 
the challenges of the world. It is hoped that beyond the critical sense, the future 
engineers also possess communication skills, teamwork and be always open to new 
ideas, generating satisfactory solutions to all stakeholders. The insertion of 
sustainability in engineering courses can greatly contribute to this differentiated 
formation, especially when using practical and real examples experienced by society 
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(Hanning et al. 2012; Sharma et al. 2017; Sivapalan et al. 2017; Palacin-Silva et al. 
2017). The contact of engineering students with real world practices may develop in 
them the perception of the social relevance of their activities and their knowledge 
(Jamison et al. 2014; Baroutian et al. 2016).  
For these practices to be operationalized, Higher Education Institutions (HEI) 
should use an important resource: extracurricular activities. Through them, it is possible 
for students to develop sustainable actions parallel to their graduation, thus 
complementing what they learn in the classroom (McCormick et al. 2015; Kieu et al. 
2016; Leal Filho et al. 2016). According to McCormick et al. (2015), these activities 
help students to expand their knowledge of the subject and to put this knowledge into 
practice, that is, extracurricular activities provide students the opportunity to understand 
and execute practices from their functions in a beneficial way to society and to the 
environment. Leal Filho et al. (2016) corroborate this argument about extracurricular 
activities.  
There are many possibilities for extracurricular activities that can be developed 
in engineering courses, highlighting in the context of sustainability those focused on 
improving the life of local communities. Also called service learning, this kind of 
activity may be used by institutions to engage students in social actions (Goggins 2012). 
To reach satisfactory results for all stakeholders, however, it is necessary to obtain the 
university's top management commitment. This will allow the effectiveness and 
continuity of the projects (Shiel et al. 2016). 
Despite the challenges, the partnership between university and local community 
can be beneficial for both (Hogner and Kenworthy 2010; Dulmus and Cristalli 2012; 
Ofek 2017). For universities, teaching and research can benefit from greater contact 
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with real-world challenges. In contrast, universities can assist local communities in 
minimizing or eliminating their challenges (Ofek 2017).  
Another important aspect to be highlighted in the insertion of sustainability in 
engineering education is the long-term commitment, as pointed out by Rydhagen and 
Dackman (2011) and Tejedor et al. (2018). These authors argue that the development of 
an ESD ideology requires time and must be continuously supported by the Deans at 
HEIs. In the beginning, a few professors would be more engaged, however, over time, 
the number of professors participating in the initiatives may increase. Thus, it would be 
possible to have debates about how the disciplines can be integrated for an ESD, in 
which the concept of sustainability can be directly or indirectly present in all disciplines. 
Given the importance of universities for sustainability teaching, it is essential 
that these institutions use the concepts of sustainability in their own facilities, serving as 
examples for their students and the local community (Soares et al. 2015; Hopkins 2016; 
Dagiliūtė et al. 2018). This is an opportunity to test new ideas in their own laboratory, 
due to the characteristics of university campuses, which are as small-scale cities. In this 
way, it could be possible to implement the well succeeded tests on a larger scale, in the 
cities (Soares et al. 2015; Choi et al. 2017).  
All these specific challenges faced by Education for Sustainable Development 
are presented by the literature. However, analysing the literature, it was verified that the 
students' perception of how sustainability is inserted in their courses is still an 
unexplored topic, which provides new research opportunities. Against this background, 
this research aims to perform this evaluation with a sample of Brazilian students. The 
next section detail better the procedure to conduct this study.  
Methodological Procedures 
For the development of this research, the following methodological procedures were 
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used: systematic review of the literature, a survey with 91 engineering students and data 
analysis using a multi-criterion decision-making technique TOPSIS.  
The first stage was characterized by the systematic review of the literature. 
According to Galvão and Pereira (2014, p. 1), a systematic review of the literature is 
understood as the "activity of compiling scientific data on a topic", recording the steps 
taken to allow the procedure replication by other researchers. In this research, the 
systematic literature review was conducted to identify the main challenges evidenced in 
the insertion of sustainability in engineering courses.  The following terms were 
combined and used for the search: “sustainability”, “engineering education”, “ESD”; 
“challenges”, “difficulties”, “challenges”; “practice”, “green campus”, “green 
university”, and “extracurricular activities”. The databases used were: Emerald Insight, 
ScienceDirect, Taylor and Periódicos Capes. Overall. The research includes articles 
published from 2000 until 2018. 
Based on all the information presented in the previous section, it was possible to 
structure Table 1 that contemplates the main challenges observed in the insertion of 
sustainability in higher education, according to the literature. This table will be used as a 
theoretical framework to evaluate the main challenges observed in the teaching of 
sustainability in engineering courses in Brazil, according to undergraduate engineering 
students. Due to the complementary nature of the research of Rampasso et al. (2018), 
but with a focus on students' perceptions, the systematic review of the literature 
developed here resulted in some similarities and differences in relation to the 
aforementioned research, as can be observed in Table 1. 
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Table 1. Challenges faced by Engineering Education for Sustainable 
Development according to the literature. Source: vide Table 
Code Problems References 
A_1 
Difficulty in conveying the 
transdisciplinary concept of 
sustainability. 
(Ashford 2004; Schneider et al. 2008; 
Hopkinson and James 2010; Shields et 
al. 2014; Rampasso et al. 2018) 
A_2 
Activities and examples presented 
focus exclusively on environmental 
issues. 
(Schneider et al. 2008; Hopkinson and 
James 2010; Hanning et al. 2012; 
Edvardsson Björnberg et al. 2015; 
Guerra 2017; Sivapalan et al. 2017; 
Palacin-Silva et al. 2017; Rampasso et 
al. 2018) 
A_3 
Difficulty to integrate disciplines for 
the broad teaching of sustainability. 
(Crofton 2000; Schneider et al. 2008; 
Hopkinson and James 2010; Shields et 
al. 2014; Guerra 2017; Sivapalan et al. 
2017; Rampasso et al. 2018) 
A_4 
Sustainable issues are debated only in 
specific disciplines in a limited extend. 
(Ashford 2004; Schneider et al. 2008; 
Hopkinson and James 2010; Shields et 
al. 2014; Rampasso et al. 2018) 
A_5 
Professors are not prepared in relation 
to sustainability concepts. 
(Martins et al. 2006; Mulder et al. 
2012; Iyer-Raniga and Andamon 2016; 
Palacin-Silva et al. 2017; Leal Filho et 
al. 2018; Rampasso et al. 2018) 
A_6 
Lack of practical and real examples of 
how sustainability can be embedded in 
the specific context of the course. 
(Hanning et al. 2012; Sharma et al. 
2017; Sivapalan et al. 2017; Palacin-
Silva et al. 2017) 
A_7 
Lack of extracurricular undergraduate 
activities that encourage students to 
develop sustainable actions. 
(McCormick et al. 2015; Kieu et al. 
2016; Leal Filho et al. 2016). 
A_8 
Lack of support from the college top 
management for the development of 
social projects that contemplate local 
communities. 
(Hopkinson and James 2010; Goggins 
2012; Shiel et al. 2016; Ofek 2017; 
Sivapalan et al. 2017; Leal Filho et al. 
2018; Tejedor et al. 2018; Rampasso et 
al. 2018) 
A_9 
Sustainability concepts are not 
employed in the university facilities. 
(Soares et al. 2015; Hopkins 2016; 
Choi et al. 2017; Dagiliūtė et al. 2018) 
A_10 
 
Professors' lack of interest in issues 
related to sustainability. 
(Bryce et al. 2004; Fenner et al. 2005; 
Schneider et al. 2008; Rydhagen and 
Dackman 2011; Mulder et al. 2012; 
Edvardsson Björnberg et al. 2015; 
Iyer-Raniga and Andamon 2016; 
Guerra 2017; Mulder 2017; Sivapalan 
et al. 2017; Rampasso et al. 2018) 
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Based on the 30 articles and the 10 challenges presented in Table 1, a research 
instrument (questionnaire) was structured. It was structured in two parts, the first one 
related to the characterization of the respondents and the second related to the 
evaluation of the challenges observed in the insertion of sustainability in engineering 
courses. For the first part, respondents should provide the following information: name, 
engineering course, educational institution, and region of the country and years of 
experience in sustainable projects developed with Enactus Brazil. In the second part, the 
respondent should indicate on a scale of 0 to 10 how much they observed of each 
challenge in the engineering course in which they are enrolled. At the extremes, grade 0 
indicates the non-observation of the challenge, while grade 10 indicates intense 
observation of the challenge. Once the research instrument was structured and following 
the recommendations of Gil (2010), the questionnaire was submitted to a pre-test with 
professors. The purpose of this initiative was to find possible errors and improve the 
understanding of the questions to be asked. Finally, before starting to collect data, the 
research instrument was submitted for the appreciation of an Ethics Committee, since 
this practice is characterized as necessary for conducting surveys in Brazil.   
After the approval of the Research Ethics Committee, data collection was 
started. The electronic questionnaire sent through the Google Forms platform and was 
available to respondents for a period of 4 months. A student of scientific initiation 
assisted the researchers in data collection. The invitation to respond to the survey was 
sent only for engineering students, totalizing 152 students who participate in the 
Enactus Brazil projects and are involved with sustainable actions developed by this 
organization. Present in more than 1,730 university programs in 36 countries, Enactus 
has approximately 72,000 students annually and 550 partnerships (between partner 
companies and individual volunteers) (Enactus 2018a). Currently in Brazil, Enactus has 
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120 teams, with a total of 2,800 students and 210 projects. The organization is present in 
more than 20 Brazilian States and has units in more than 100 Brazilian HEI (Enactus 
2018b).   
So, these students have experience in projects that involve social sustainability 
and often also the environmental and economic aspects of sustainability. Therefore, they 
were considered able to make a critical analysis of their courses. It is understood that, 
the greater the student's experience in these initiatives, the greater their ability to 
perform a critical analysis about ESD and this factor will be considered in the data 
analysis.     
After 4 months, 91 questionnaires were considered valid, characterizing a 
response rate of 59.87%. The data were tabulated in Excel spreadsheets, and the 
respondents were divided according to the years of experience they had with Enactus 
Brazil. The first group of respondent students had more than 3 years of experience with 
the organization, the second group had between 1 and 3 years of experience and, lastly, 
the third group had up to 1 year of experience. It was assumed that the greater the 
experience of the students, the greater their ability to know the real challenges in their 
courses and, therefore, greater consideration should be given to their perceptions. The 
means for each group of respondents were calculated and used in the data analysis. 
The technique used for data analysis was TOPSIS, designed in 1981 by Ching-
Lai Hwang and Kwangsun Yoon (Hwang and Yoon 1981; Yoon and Kim 2017). 
According to Singh et al. (2016), TOPSIS allows the ordering of alternatives 
considering different analysis criteria. Such criteria may have weights denoting different 
degrees of importance. Thus, TOPSIS may be used as a tool to base decisions and 
increase the efficiency of decision-making (Lima Junior and Carpinetti 2015). For this 
study, each of the 10 challenges cited had three average scores measured by the 
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aforementioned groups and TOPSIS was responsible for weighting these values. The 
code used to represent each challenge in TOPSIS is shown in Table 1. In consensus 
meetings, the authors of this article decided to assign 50% weights to the means 
measured by the first group of respondents, 30% to the means measured by the second 
group and, finally, 20% for the third group.   
The calculations performed for the ordering of the challenges through TOPSIS 
technique followed the steps presented by Singh et al. (2016). The first step was 
characterized by the structuring of a matrix D, in which the elements (xij) were 
identified by an alternative (i) and by an analysis criterion (j). In the case of this 
research, the alternatives corresponded to the 10 challenges mentioned in the literature 
and the criteria corresponded to the three means measured by each group of respondents 
for each of the challenges. A matrix with 30 values was thus obtained. The 
mathematical representation of the matrix is shown by means of Equation 1 (Singh et al. 
2016, p. 24).  
 
D =  [
𝑥11 𝑥12 … 𝑥1𝑛
𝑥21 𝑥22 … 𝑥2𝑛
… … … …
𝑥𝑚1 𝑥𝑚2 … 𝑥𝑚𝑛
]     (1) 
 
 
The second step was characterized by the normalization of Matrix D via 
Equation 2 (Singh et al. 2016, p. 25), resulting in a new matrix called Matrix R - 
Equation 3 (Singh et al. 2016, p. 25). The mathematical representations of Equation 2 
and matrix R are given below.    
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𝑟𝑖𝑗 = 𝑥𝑖𝑗/√∑ 𝑥𝑖𝑗
2𝑛
𝑖=1       (2) 
 
R =  [
𝑟11 𝑟12 … 𝑟1𝑛
𝑟21 𝑟22 … 𝑟2𝑛
… … … …
𝑟𝑚1 𝑟𝑚2 … 𝑟𝑚𝑛
]     (3) 
 
The third step was characterized by the weighting of the values of the matrix R 
and, for this, Equation 4 was used  (Singh et al. 2016, p. 25). The new matrix obtained 
was denominated Matrix V. It is worth noting again that the following weights were 
attributed: 50% for the averages measured by group 1, 30% for the means measured by 
group 2 and 20% for the means measured by group 3. The mathematical representations 
of Equation 4 and Matrix V - Equation 5 (Singh et al. 2016, p. 25) are shown below.  
 
𝑣𝑖𝑗 =  𝑤𝑗𝑟𝑖𝑗       (4) 
 
V =  [
𝑣11 𝑣12 … 𝑣1𝑛
𝑣21 𝑣22 … 𝑣2𝑛
… … … …
𝑣𝑚1 𝑣𝑚2 … 𝑣𝑚𝑛
]          (5) 
 
The fourth step was marked by the determination of the positive (vj+) and 
negative (vj-) ideal solutions. This step was operationalized through the identification of 
the maximum and minimum values existing in Matrix V for each of the analysis criteria. 
This procedure was necessary to perform the fifth step, in which the positive and 
negative Euclidean distances of each alternative were calculated. Equations 6 and 7 
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(Singh et al. 2016, p. 25) present the calculus made to find Euclidean distance from 
positive ideal solution and Euclidean distance from negative ideal solution, respectively.   
 
𝑠𝑖
∗ =  [∑ (𝑣𝑖𝑗






    (6) 
 
𝑠𝑖
′ =  [∑ (𝑣𝑖𝑗






    (7) 
 
From the results obtained for the positive and negative Euclidean distances, it 
was possible to calculate the indicator Ci* (step 6) and, through it, to order the 10 
challenges mentioned in the literature according to students' perception (step 7). It is 
important to note that the values of Ci* must be between 0 and 1. The calculation of the 
indicator Ci* was operationalized through Equation 8 (Singh et al. 2016, p. 25).   
 
𝑐𝑖






      (8) 
 
Once the ordering of the 10 challenges observed in the insertion of sustainability 
in engineering courses according to Brazilian students was obtained, discussions were 
carried out in the light of the literature.  
Results and Discussion 
This section is dedicated to present the results and discussion.  Initially, we present a 
profile of engineering students who responded to the survey. In the sequence, the 
characterization of the sample and the calculations performed by TOPSIS are presented 
for ordering the challenges according to the degree of identification measured by the 
39 
students. Once the 10 challenges were ordered, discussions were held in the light of the 
literature.  
Profile of the Engineering Students 
The courses attended by the respondents is as follows: Chemical Engineering (24.17%), 
Civil Engineering (13.18%), Mechanical Engineering (12.08%), Production 
Engineering (12.08%) and Electrical Engineering (8.79%) highlight. Together, other 
Engineering courses as Mechatronics Engineering, Materials Engineering, 
Biotechnology Engineering totalized 29.7% of the sample.  
Regarding respondents’ time of experience in Enactus, 42.9% of them had up to 
1 year of experience; 48.4% had between 1 and 3 years of experience; and 8.8% had 3 
years or more of experience. It is important to note that two respondents had 5 years of 
experience. This is a coherent distribution since students participate in the projects 
during the undergraduate course, which in Brazil lasts an average of 5 years for 
engineering courses.  
In addition, it should be noted that the 91 respondents are enrolled in 17 
different Brazilian higher education institutions. Another relevant piece of research was 
the Brazilian region of these institutions: 60.4% of the respondents are from the 
Southeast; 14.3% of the South; 14.3% from the North and 11% from the Northeast. 
There was no respondent from the Midwest region of the country. It is possible to notice 
a coherence in the distribution of the respondents among the regions represented in the 
research, since the Southeast of Brazil is the most populous region of the country.  
 
Results from TOPSIS technique 
As pointed out in the methodological procedures section, the TOPSIS technique was 
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used for data analysis and challenge ordering. Thus, data collected through the survey 
were divided into three different groups, according to respondents' experience time 
(group 1: over 3 years of experience, group 2: between 1 and 3 years of experience, 
group 3: up to 1 year of experience) and the grades averages assigned by each group 
were calculated (step 1). The calculated averages are presented in Table 2.  
 
Table 2. Averages of the scores attributed by each group of respondents. Source: 
Authors 
Problems Over 3 years Between 1 and 3 years Up to 1 year 
A_1 6.25 6.39 6.05 
A_2 7.63 5.82 5.56 
A_3 7.63 7.43 7.00 
A_4 7.88 8.02 7.64 
A_5 6.00 7.02 6.18 
A_6 8.00 7.11 6.46 
A_7 5.88 6.75 6.05 
A_8 5.88 7.20 7.10 
A_9 5.75 6.91 6.03 
A_10 5.13 6.30 5.90 
 
Step 2 was characterized by the normalization of the values from Table 2, using 
the Equation 1. The result was the matrix R of this research. Table 3 presents the matrix 
R, with normalized values.  
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Table 3. Matrix R with normalized values. Source: Authors 
Problems rij (over 3 years) rij (between 1 and 3 years) rij (up to 1 year) 
A_1 0.30 0.29 0.30 
A_2 0.36 0.27 0.27 
A_3 0.36 0.34 0.34 
A_4 0.37 0.37 0.38 
A_5 0.28 0.32 0.30 
A_6 0.38 0.33 0.32 
A_7 0.28 0.31 0.30 
A_8 0.28 0.33 0.35 
A_9 0.27 0.32 0.30 
A_10 0.24 0.29 0.29 
 
In step 3 weights were assigned to each group of respondents. As mentioned in 
section 2 of this article, students with more than 3 years of experience received weight 
of 50%, respondents who were in Enactus between 1 and 3 years received weight of 
30% and respondents with up to 1 year of experience received weight of 20%. Thus, 
matrix V was obtained. Matrix V and their respective values are shown in Table 4.  
 
Table 4. Weighted values. Source: Authors 
Problems 
rij (over 3 
years)*0.50 
rij (between 1 and 3 
years)*0.30 
rij (up to 1 year)*0.20 
A_1 0.15 0.09 0.06 
A_2 0.18 0.08 0.05 
A_3 0.18 0.10 0.07 
A_4 0.19 0.11 0.08 
A_5 0.14 0.10 0.06 
A_6 0.19 0.10 0.06 
A_7 0.14 0.09 0.06 
A_8 0.14 0.10 0.07 
A_9 0.14 0.09 0.06 
A_10 0.12 0.09 0.06 
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In sequence, Table 5 presents the Positive Ideal Solution and the Negative Ideal 
Solution, relative to step 4. The data from Table 5 are necessary to calculate the items of 
Table 6, that presents the distances from the Positive Ideal Solution, distances from the 
Negative Ideal Solutions and Coefficient Ci* (steps 5 and 6). 
 
Table 5. Positive Ideal Solution and Negative Ideal Solution to criteria access. 
Source: Authors 
Solution Criteria Over 3 years Between 1 and 3 years Up to 1 year 
Positive Ideal Solution (vj+) 0.19 0.11 0.08 
Negative Ideal Solution (vj-) 0.12 0.08 0.05 
 
Table 6. Distances from the Positive Ideal Solution, Distances from the Negative 
Ideal Solutions and Coefficient Ci*. Source: Authors 
Problems 
Distance from the 
Positive Ideal 
Solution (Si*) 





A_1 0.05 0.03 0.36 
A_2 0.04 0.06 0.61 
A_3 0.01 0.06 0.83 
A_4 0.00 0.07 0.96 
A_5 0.05 0.03 0.35 
A_6 0.02 0.07 0.81 
A_7 0.06 0.02 0.29 
A_8 0.05 0.03 0.37 
A_9 0.06 0.02 0.27 
A_10 0.07 0.01 0.09 
 
Finally, in step 7, the ordering of the difficulties was performed from the 
Coefficient (Ci*) values obtained. The result of this ranking is presented in Table 7. 
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Table 7. Ranking of the challenges. Source: Authors 
Position  (Ci*) Code Challenges 
1º 0.961856 A_4 
Sustainable issues debated only in specific disciplines in a 
limited extend. 
2º 0.826718 A_3 
Difficulty to integrate disciplines for the broad teaching of 
sustainability. 
3º 0.806368 A_6 
Lack of practical and real examples of how sustainability can 
be embedded in the specific context of the course. 
4º 0.611937 A_2 
Activities and examples presented focus exclusively on 
environmental issues. 
5º 0.367353 A_8 
Lack of support from the college top management for the 
development of social projects that contemplate local 
communities. 
6º 0.361963 A_1 
Difficulty in conveying the transdisciplinary concept of 
sustainability. 
7º 0.346042 A_5 
Professors are not prepared in relation to sustainability 
concepts. 
8º 0.287468 A_7 
Lack of extracurricular undergraduate activities that encourage 
students to develop sustainable actions. 
9º 0.271817 A_9 
Sustainability concepts are not employed in the university 
facilities. 
10º 0.089885 A_10 Professors' lack of interest in issues related to sustainability. 
 
Difficulties and Challenges for ESD  
The first discussion here is regarding Table 2, which presents the averages measured 
without considering the weights assigned to each group. Through it, it is possible to see 
that all the identified challenges have at least a mean intensity, on a scale of 0 to 10, 
showing that for the respondent students many challenges exist in the attempt to insert 
sustainability in the curricula of their courses. This opens a clear warning to educators 
and course coordinators that there is much to be done and a long way to go. The 
difficulty of inserting sustainability contents in engineering courses is corroborated by 
authors such as Shields et al. (2014) and Holgaard et al. (2016).  
Secondly, the results generated by TOPSIS can be debated, remembering that it 
has ordered the challenges according to the grade given by the respondents and weights 
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assigned to the groups. A challenge listed in the last position does not mean that it 
should not be debated by educators, but rather that it has been identified as less 
intensive vis-à-vis others. In this article, the focus will be the challenges that obtained 
coefficient (Ci*) greater than 0.5. As highlighted in Table 7, the challenges that were 
observed more intensely by the students, considering the mentioned weightings, are: 
“Sustainable issues debated only in specific disciplines in a limited extent”; “Difficulty 
to integrate disciplines for the broad teaching of sustainability”; “Lack of practical and 
real examples of how sustainability can be embedded in the specific context of the 
course”; and “Activities and examples presented focus exclusively on environmental 
issues”.  
The first two challenges highlighted by the TOPSIS analysis correlate in a 
certain way, since they reflect the "quick" attempt to insert "sustainability" in curricular 
matrices of engineering courses without major modifications in the curricular structures 
and without great debates between professors. The allocation of specific disciplines in a 
limited extent is simpler to be operationalized by the course coordinators than the 
modification and integration of the curricular matrix. This last action requires intense 
participation of the professors, consensus among them regarding importance of the ESD 
and attempt to integrate content in a transdisciplinary way, which according to 
Hopkinson and James (2010) and Mulder (2017) is not always easy. It is worth 
remembering that the professors resistance to change is remarkable in many engineering 
courses (Edvardsson Björnberg et al. 2015; Rampasso et al. 2018).  
The third and fourth challenges highlighted by TOPSIS are also a consequence 
of the lack of debates among the professors. The greater the intensity of these 
discussions in a course, the greater the integration of the disciplines, the greater the 
understanding of how the concepts of each engineering can contribute to SD, the greater 
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the involvement of students in projects with local communities and the better the results 
of these projects. Successful cases are being disclosed and generated in the engineering 
courses and, over time, they are used as didactic examples for the training of other 
students. A wide variety of cases will provide a broad discussion of how more complex 
aspects of sustainability (such as social) can be evaluated and this will increasingly 
enrich the training of new students. Discussions will go beyond examples that merely 
present sustainability as a strictly environmental issue (Sivapalan et al. 2017; Rampasso 
et al. 2018).   
Conclusion 
This article aimed to study the main challenges observed in the ESD in engineering 
courses offered by Brazilian institutions, based on students' perceptions. It presents a 
complementary character to the research of Rampasso et al. (2018). To meet the 
research objectives, a set of 10 challenges associated with the insertion of ESD were 
identified from the literature and they served as parameters for conducting a survey with 
91 students enrolled in 17 different engineering courses. These students were allocated 
in groups according to the years of experience they had in the context of Enactus Brazil 
initiatives. 
The simple analysis of data through averages attributed by the group showed 
that many challenges are observed by the students in their courses, since on a scale of 0 
to 10 none of the challenges obtained averages below 5.0. When ordered via TOPSIS, 
four challenges stood out, namely:  
1. “Sustainable issues are debated only in specific disciplines in a limited 
extent”;  
2. “Difficulty to integrate disciplines for the broad teaching of sustainability”;  
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3. “Lack of practical and real examples of how sustainability can be embedded 
in the specific context of the course”; and  
4. “Activities and examples presented focus exclusively on environmental 
issues”.  
When analysing these four challenges, it is possible to note that they are 
correlated and have a common root: the limited participation of professors in efforts 
towards better inserting sustainability in the engineering courses in which they work. 
The main conclusion reached from the results of this article is that there is much 
to be done to make the Brazilian HEI able to effectively insert sustainability into their 
engineering courses, providing a truly transformative training. The study of Rampasso 
et al. (2018) had shown that there is a causality between planning difficulties and 
difficulties observed in didactic practice and now, in a complementary way, this article 
shows that engineering students can clearly show challenges in the courses in which 
they are enrolled.  
The exploratory nature of this research that aims to better understand the 
insertion of sustainability in engineering courses and which used Brazil as a sample, 
may also be undertaken in other countries. Indeed, further studies may be undertaken 
and which may allow a profile of the extent to which sustainability is being considered 
in other developing countries may prove useful in guiding further action. 
At this stage, it is important to mention the limitations of this study. The first 
one refers to the size sample. Data from 91 engineering students who develop social 
projects with Enactus Brazil were analysed. Due to the nature and scope of the study, it 
is assumed that the sample is satisfactory and that students who are engaged in social 
projects can evaluate what was requested. Another assumption made was that the 
greater the students' experience in Enactus Brazil, the greater the validity of their 
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answers and therefore the greater the weighting in the TOPSIS analysis. Different sizes 
of samples, different students and different weights assigned can lead to different 
results. 
As far as the way forward is concerned, some measures could be implemented to 
address the difficulties identified in the study. These may be as follows: 
a) Better provision of in-service training to lecturers/professors at universities, 
so that they are made more familiar with the didactic tools and methods to 
include sustainability in engineering programmes; 
b) Greater use of the SDGs as teaching tools, catering for an interdisciplinary 
and cross-thematic handling of sustainability issues at universities; 
c) More intensive interactions among universities, to better exchange 
information and disseminate good practice.   
 
The implications of this work and the relevance of its results are threefold: 
• Firstly, the results obtained and here presented can be useful for course 
coordinators, educators and researchers interested in the subject.  
• Secondly, the data gathered may assist course coordinators in improving 
the curriculum of engineering courses. 
• Thirdly, researchers, may use them as a starting point for proposing new 
teaching techniques.  
 
Unfortunately, students' perception of the main challenges observed in the ESD in 
engineering courses is still little explored, and there is therefore ample scope for 
discussion. Further are needed in this field, so as to provide a long-term contribution to 
the weak knowledge base observed today. 
48 
References 
Adomßent M, Fischer D, Godemann J, Herzig C, Otte I, Rieckmann M, Timm J. 2014. 
Emerging areas in research on higher education for sustainable development e 
management education , sustainable consumption and perspectives from Central and 
Eastern Europe. J Clean Prod. 62:1–7. 
Baroutian S, Kensington-Miller B, Wicaksana F, Young BR. 2016. Bridging theory 
with real world research experience: Co-teaching Engineering Biotechnology with R&D 
professionals. Educ Chem Eng. 16(2006):9–16. Available from: 
http://dx.doi.org/10.1016/j.ece.2016.05.002 
Brundtland G. 1987. Our common future. Oslo: Oxford University Press. 
Camioto FDC, Mariano EB, Rebelatto DA do N. 2017. Sustainability improvement 
opportunities in Brazilian sectors: analysis of DEA slacks. Brazilian J Oper Prod 
Manag. 14(3):363. Available from: 
https://bjopm.emnuvens.com.br/bjopm/article/view/356 
Choi Y, Oh M, Kang J, Lutzenhiser L. 2017. Plans and Living Practices for the Green 
Campus of Portland State University. Sustainability. 9(2):252. Available from: 
http://www.mdpi.com/2071-1050/9/2/252 
Dagiliūtė R, Liobikienė G, Minelgaitė A. 2018. Sustainability at universities: Students’ 
perceptions from Green and Non-Green universities. J Clean Prod. 181:473–482. 
Davim JP, Filho WL. 2016. Challenges in Higher Education for Sustainability 
[Internet]. Davim JP, Leal Filho W, editors. Cham: Springer International Publishing. 
Available from: http://link.springer.com/10.1007/978-3-319-23705-3 
Dulmus CN, Cristalli ME. 2012. A University-Community Partnership to Advance 
Research in Practice Settings: The HUB Research Model. Res Soc Work Pract. 
22(2):195–202. 
Edvardsson Björnberg K, Skogh I-B, Strömberg E. 2015. Integrating social 
49 
sustainability in engineering education at the KTH Royal Institute of Technology. Int J 
Sustain High Educ. 16(5):639–649. Available from: 
http://www.emeraldinsight.com/doi/10.1108/IJSHE-01-2014-0010 
Enactus. 2018a. Enactus [Internet]. Available from: http://enactus.org/ 
Enactus. 2018b. Enactus Brasil [Internet]. Available from: http://www.enactus.org.br/ 
Faham E, Rezvanfar A, Movahed Mohammadi SH, Rajabi Nohooji M. 2017. Using 
system dynamics to develop education for sustainable development in higher education 
with the emphasis on the sustainability competencies of students. Technol Forecast Soc 
Change. 123:307–326. Available from: http://dx.doi.org/10.1016/j.techfore.2016.03.023 
Galvão TF, Pereira MG. 2014. Revisões sistemáticas da literatura: passos para sua 
elaboração. Epidemiol e Serviços Saúde. 23(1):183–184. Available from: 
http://scielo.iec.pa.gov.br/scielo.php?script=sci_arttext&pid=S1679-
49742014000100018&lng=en&nrm=iso&tlng=en 
Gbededo MA, Liyanage K, Garza-Reyes JA. 2018. Towards a Life Cycle Sustainability 
Analysis: A systematic review of approaches to sustainable manufacturing. J Clean 
Prod. 184:1002–1015. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0959652618306486 
Gil A. 2010. Como Elaborar Projetos de Pesquisa. São Paulo: Editora Atlas. 
Goggins J. 2012. Engineering in communities: Learning by doing. Campus-Wide Inf 
Syst. 29(4):238–250. 
Guerra A. 2017. Integration of sustainability in engineering education. Int J Sustain 
High Educ. 18(3):436–454. Available from: 
http://www.emeraldinsight.com/doi/10.1108/IJSHE-02-2016-0022 
Halati A, He Y. 2018. Intersection of economic and environmental goals of sustainable 
development initiatives. J Clean Prod. Available from: 
50 
http://linkinghub.elsevier.com/retrieve/pii/S0959652618310096 
Hanning A, Priem Abelsson A, Lundqvist U, Svanström M. 2012. Are we educating 
engineers for sustainability? Int J Sustain High Educ. 13(3):305–320. Available from: 
http://www.emeraldinsight.com/doi/10.1108/14676371211242607 
Hogner RH, Kenworthy AL. 2010. Moving forward together in sustainable, effective, 
and partnership‐oriented ways. Int J Organ Anal. 18(2):245–266. Available from: 
http://www.emeraldinsight.com/doi/10.1108/19348831011046290 
Holgaard JE, Hadgraft R, Kolmos A, Guerra A. 2016. Strategies for education for 
sustainable development – Danish and Australian perspectives. J Clean Prod. 112:3479–
3491. Available from: http://dx.doi.org/10.1016/j.jclepro.2015.09.063 
Holm T, Vuorisalo T, Sammalisto K. 2015. Integrated management systems for 
enhancing education for sustainable development in universities: A memetic approach. J 
Clean Prod. 106:155–163. Available from: 
http://dx.doi.org/10.1016/j.jclepro.2014.03.048 
Hopkins EA. 2016. Barriers to adoption of campus green building policies. Smart 
Sustain Built Environ. 5(4):340–351. Available from: 
http://www.emeraldinsight.com/doi/10.1108/SASBE-07-2016-0016 
Hopkinson P, James P. 2010. Practical pedagogy for embedding ESD in science, 
technology, engineering and mathematics curricula. Int J Sustain High Educ. 11(4):365–
379. Available from: http://www.emeraldinsight.com/doi/10.1108/14676371011077586 
Hwang C-L, Yoon K. 1981. Multiple Attribute Decision Making [Internet]. Berlin, 
Heidelberg: Springer Berlin Heidelberg. Available from: 
http://link.springer.com/10.1007/978-3-642-48318-9 
Iyer-Raniga U, Andamon MM. 2016. Transformative learning: innovating sustainability 
education in built environment. Int J Sustain High Educ. 17(1):105–122. Available 
51 
from: http://www.emeraldinsight.com/doi/10.1108/IJSHE-09-2014-0121 
Jamison A, Kolmos A, Holgaard JE. 2014. Hybrid Learning: An integrative approach to 
engineering education. J Eng Educ. 103(2):253–273. 
Kieu TK, Singer J, Gannon TJ. 2016. Education for sustainable development in 
Vietnam: lessons learned from teacher education. Int J Sustain High Educ. 17(6):853–
874. Available from: http://www.emeraldinsight.com/doi/10.1108/IJSHE-05-2015-0098 
Lazzarini B, Pérez-Foguet A, Boni A. 2018. Key characteristics of academics 
promoting Sustainable Human Development within engineering studies. J Clean Prod. 
188:237–252. 
Leal Filho W, Pallant E, Enete A, Richter B, Brandli LL. 2018. Planning and 
implementing sustainability in higher education institutions: an overview of the 
difficulties and potentials. Int J Sustain Dev World Ecol. Available from: 
https://doi.org/10.1080/13504509.2018.1461707 
Leal Filho W, Shiel C, Paço A. 2016. Implementing and operationalising integrative 
approaches to sustainability in higher education: the role of project-oriented learning. J 
Clean Prod. 133:126–135. Available from: 
http://dx.doi.org/10.1016/j.jclepro.2016.05.079 
Lima Junior FR, Carpinetti LCR. 2015. Uma comparação entre os métodos TOPSIS e 
Fuzzy-TOPSIS no apoio à tomada de decisão multicritério para seleção de fornecedores. 
Gestão & Produção. 22(1):17–34. Available from: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-
530X2015000100017&lng=pt&tlng=pt 
Lindow K, Kaluza A, Stark R. 2018. Study on sustainability developments in industrial 
practice. Procedia Manuf. 21:345–352. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S2351978918301653 
52 
McCormick M, Bielefeldt AR, Swan CW, Paterson KG. 2015. Assessing students’ 
motivation to engage in sustainable engineering. Int J Sustain High Educ. 16(2):136–
154. Available from: http://www.emeraldinsight.com/doi/10.1108/IJSHE-06-2013-0054 
Mulder KF. 2017. Strategic competences for concrete action towards sustainability: An 
oxymoron? Engineering education for a sustainable future. Renew Sustain Energy Rev. 
68:1106–1111. Available from: http://dx.doi.org/10.1016/j.rser.2016.03.038 
Mulder KF, Segalàs J, Ferrer‐Balas D. 2012. How to educate engineers for/in 
sustainable development.Svanström M, editor. Int J Sustain High Educ. 13(3):211–218. 
Available from: http://www.emeraldinsight.com/doi/10.1108/14676371211242535 
Ofek Y. 2017. Evaluating social exclusion interventions in university-community 
partnerships. Eval Program Plann. 60:46–55. Available from: 
http://dx.doi.org/10.1016/j.evalprogplan.2016.09.004 
Olawumi TO, Chan DWM. 2018. A scientometric review of global research on 
sustainability and sustainable development. J Clean Prod. 183:231–250. Available from: 
https://doi.org/10.1016/j.jclepro.2018.02.162 
Ortega-Sánchez M, Moñino A, Bergillos RJ, Magaña P, Clavero M, Díez-Minguito M, 
Baquerizo A. 2018. Confronting learning challenges in the field of maritime and coastal 
engineering: Towards an educational methodology for sustainable development. J Clean 
Prod. 171:733–742. Available from: https://doi.org/10.1016/j.jclepro.2017.10.049 
Palacin-Silva MV, Seffah A, Porras J. 2017. Infusing sustainability into software 
engineering education: Lessons learned from capstone projects. J Clean Prod. Available 
from: http://linkinghub.elsevier.com/retrieve/pii/S0959652617312489 
Pérez-Foguet A, Lazzarini B, Giné R, Velo E, Boni A, Sierra M, Zolezzi G, 
Trimingham R. 2018. Promoting sustainable human development in engineering: 
Assessment of online courses within continuing professional development strategies. J 
53 
Clean Prod. 172:4286–4302. 
Rampasso IS, Anholon R, Silva D, Cooper Ordoñez RE, Quelhas OLG, Leal Filho W, 
Santa-Eulália LA. 2018. An analysis of the difficulties associated to sustainability 
insertion in engineering education: Examples from HEIs in Brazil. J Clean Prod. 
193:363–371. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0959652618314100 
Rydhagen B, Dackman C. 2011. Integration of sustainable development in sanitary 
engineering education in Sweden. Eur J Eng Educ. 36(1):87–95. Available from: 
http://www.tandfonline.com/doi/abs/10.1080/03043797.2010.539678 
Sandri O, Holdsworth S, Thomas I. 2018. Assessing graduate sustainability capability 
post-degree completion: Why is it important and what are the challenges? Int J Sustain 
High Educ. 19(1):2–14. 
Schneider J, Leydens JA, Lucena J. 2008. Where is ‘Community’?: Engineering 
education and sustainable community development. Eur J Eng Educ. 33(3):307–319. 
Available from: http://www.tandfonline.com/doi/full/10.1080/03043790802088640 
Seay JR. 2015. Education for sustainability: Developing a taxonomy of the key 
principles for sustainable process and product design. Comput Chem Eng. 81:147–152. 
Sharma B, Steward B, Ong SK, Miguez FE. 2017. Evaluation of teaching approach and 
student learning in a multidisciplinary sustainable engineering course. J Clean Prod. 
142:4032–4040. Available from: http://dx.doi.org/10.1016/j.jclepro.2016.10.046 
Shiel C, Leal Filho W, do Paço A, Brandli L. 2016. Evaluating the engagement of 
universities in capacity building for sustainable development in local communities. Eval 
Program Plann. 54:123–134. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0149718915000804 
Shields D, Verga F, Andrea Blengini G. 2014. Incorporating sustainability in 
54 
engineering education. Int J Sustain High Educ. 15(4):390–403. Available from: 
http://www.emeraldinsight.com/doi/10.1108/IJSHE-02-2013-0014 
Singh RK, Gupta A, Kumar A, Khan TA. 2016. Ranking of barriers for effective 
maintenance by using TOPSIS approach. J Qual Maint Eng. 22(1):18–34. Available 
from: http://www.emeraldinsight.com/doi/10.1108/JQME-02-2015-0009 
Sivapalan S. 2016. Engineering Education for Sustainable Development in Malaysia: 
Student Stakeholders Perspectives on the Integration of Holistic Sustainability 
Competences Within Undergraduate Engineering Programmes. In: Leal Filho W, 
Brandli L, editors. Engag Stakeholders Educ Sustain Dev Univ Lev. Cham: Springer 
International Publishing; p. 263–285. Available from: 
http://link.springer.com/10.1007/978-3-319-26734-0 
Sivapalan S, Clifford MJ, Speight S. 2017. Engineering education for sustainable 
development: using online learning to support the new paradigms. Australas J Eng 
Educ. 4952(May):1–13. Available from: 
https://www.tandfonline.com/doi/full/10.1080/22054952.2017.1307592 
Soares N, Dias Pereira L, Ferreira J, Conceição P, Pereira da Silva P. 2015. Energy 
efficiency of higher education buildings: a case study. Int J Sustain High Educ. 
16(5):669–691. Available from: http://www.emeraldinsight.com/doi/10.1108/IJSHE-11-
2013-0147 
Somsuk N, Laosirihongthong T. 2017. Prioritization of applicable drivers for green 
supply chain management implementation toward sustainability in Thailand. Int J 
Sustain Dev World Ecol. 24(2):175–191. 
Svanström M, Sjöblom J, Segalàs J, Fröling M. 2018. Improving engineering education 
for sustainable development using concept maps and multivariate data analysis. J Clean 
Prod. 198:530–540. Available from: 
55 
https://www.sciencedirect.com/science/article/pii/S0959652618320377 
Tejedor G, Segalàs J, Rosas-Casals M. 2018. Transdisciplinarity in higher education for 
sustainability: How discourses are approached in engineering education. J Clean Prod. 
175:29–37. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S0959652617327452 
Thürer M, Tomašević I, Stevenson M, Qu T, Huisingh D. 2018. A systematic review of 
the literature on integrating sustainability into engineering curricula. J Clean Prod. 
181:608–617. 
UN. 2015. Quality Education. Sustain Dev Goals. Available from: 
https://www.un.org/sustainabledevelopment/sustainable-development-goals/ 
UNESCO. 2017. Education for Sustainable Development Goals Learning Objectives 
[Internet]. Paris: United Nations Educational, Scientific and Cultural Organization. 
Available from: http://www.unesco.org/open-access/terms- 
Yoon KP, Kim WK. 2017. The behavioral TOPSIS. Expert Syst Appl. 89:266–272. 




Journal of Cleaner Production 233 (2019) 461e467
57 Contents lists avaiJournal of Cleaner Production
journal homepage: www.elsevier .com/locate/ jc leproAnalysis of the perception of engineering students regarding
sustainability
I.S. Rampasso a, *, R. Anholon a, D. Silva a, R.E. Cooper Ordo~nez a, L.A. Santa-Eulalia b,
O.L.G. Quelhas c, W. Leal Filho d, L.F. Granada Aguirre e
a School of Mechanical Engineering, University of Campinas, Campinas, Brazil
b Universite de Sherbrooke, Sherbrooke, Canada
c Laboratory of Technology, Business and Environment Management. Federal Fluminense University, Niteroi, Brazil
d Faculty of Life Sciences, Hamburg University of Applied Sciences, Hamburg, Germany
e Posgrados de Salud Pública, Universidad Libre, Cali, Colombiaa r t i c l e i n f o
Article history:
Received 1 February 2019
Received in revised form
5 June 2019
Accepted 10 June 2019






E-mail addresses: izarampasso@gmail.com (I.
unicamp.br (R. Anholon), dirceuds@gmail.com (D. Si
(R.E. Cooper Ordo~nez), l.santa-eulalia@usherbroo
osvaldoquelhas@id.uff.br (O.L.G. Quelhas), walter.leal
Filho), luisf.granadaa@unilibre.edu.co (L.F. Granada Ag
https://doi.org/10.1016/j.jclepro.2019.06.105
0959-6526/© 2019 Published by Elsevier Ltd.a b s t r a c t
This research aims to evaluate the engineering students' perception regarding sustainability. For this, a
survey was developed based on sustainability parameters from a detailed analysis of the Global
Reporting Initiative (GRI) and the Brazilian Institute of Corporate Governance (BICG). The parameters
were initially divided into seven groups: Financial and Productivity Aspects (FPA); Concern With Em-
ployees (CWE); Support for Local Communities (SLC); Ethical and Corporate Governance Issues (ECI);
Environmental Aspects (ENA); Sustainable Aspects in the Operations Network (SON); Customers,
Development of New Products and Services (CPS). The survey was conducted with engineering under-
graduate students from two Brazilian universities. The data were analyzed through structural equation
modeling technique, namely the PLS-SEM algorithm. The collected 162 answers enabled the validation of
the model tested, and showed that the students, in general, do not consider SLC and CWE when they are
analyzing sustainability. Additionally, the most important construct was the CPS. This is an exploratory
study and we believe that these findings may contribute to expand the debate about the sustainability
insertion in engineering courses, helping educators in their didactic activities. There were not found
similar studies in the literature, which highlight the originality of the research. The statistical validation
of the results and the contribution to expand the debate regarding sustainability in engineering edu-
cation justify the value of this study.
© 2019 Published by Elsevier Ltd.1. Introduction
Social and environmental degradation has been a matter of
increasing concern tomany stakeholders. This is evenmore difficult
to handle when considering the necessity of economic growth to
meet society demands (Fiorini and Hoekman, 2018; Marques et al.,
2018; Opoku, 2019; Saunila et al., 2018). In this sense, the 17 Sus-
tainable Development Goals (SDGs), from United Nations (UN)




uirre).government and societies should seek in order to preserve future
generations (Brundtland, 1987; Sales Moreira, 2018; Srivastava,
2018; UN, 2017). The Global Reporting Initiative (GRI) is aligned
with these guidelines and is an important guide for companies to
understand what are the items that should be reported regarding
sustainability dimensions (GRI, 2018; Rosati and Faria, 2019).
Additionally, ethical issues are also associated with sustainability
and, in this context, guides such as those disseminated by Brazilian
Institute of Corporate Governance (BICG) play an important role in
the quest for sustainable development (BICG, 2007). However, for
organisations to insert sustainable practices into their routines,
professionals must be prepared.
In this sense, there is a growing need for universities to prepare
their undergraduate students to work towards sustainable devel-
opment (Balsiger, 2015; Hollos et al., 2012; Iyer-Raniga and Anda-
mon, 2016; Sharma et al., 2017). Nonetheless, there are many
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58 factors that hamper the satisfactorily implementation of an Edu-
cation for Sustainable Development (ESD). Among them, it may be
highlighted the transdisciplinary character of sustainability and the
excessive focus on environmental issues to the detriment of eco-
nomic and social issues. Thus, it is evident in the literature that
there are many challenges to be overcome by higher education
institutions to achieve an ESD (Balsiger, 2015; Guerra, 2017;
Hanning et al., 2012; Rampasso et al., 2018). In addition to the
challenges intrinsic to this insertion, the problems arising from the
absence or even poor implementation an ESD must also be
considered.
An important consequence of this difficulty is the negative
impact that the lack of an ESD can generate in the undergraduate
students when considering the importance of the academic for-
mation in the students world view (Dagiliut _e et al., 2018). Some
studies argue that undergraduate students tend to give greater
importance to the parameters related to environmental sustain-
ability (Yuan and Zuo, 2013), which is related to the difficulty of
higher education institutions in providing a broader vision of sus-
tainability (Guerra, 2017; Tejedor et al., 2018).
In engineering education this reality is no different and, given
the importance that future engineers have for sustainable devel-
opment, this theme has been receiving prominence in the literature
over the years (Ashford, 2004; Hanning et al., 2012; Holgaard et al.,
2016; McCormick et al., 2015; Segalas et al., 2012; Sharma et al.,
2017). Given this context, and considering the lack of studies with
similar objective in the literature, the present research aims to
evaluate the students' perception of engineering in relation to
sustainability.
The following section will introduce the theoretical background
regarding sustainability insertion into engineering education. Sec-
tion 3 will present the methodological procedures that were used
for data analysis, which is presented in section 4. The discussion
and conclusion are in section 5.
2. Theoretical background
2.1. Sustainability insertion into engineering education
Due to the importance that engineering has for society in all its
aspects (ref), the teaching of this career has been gaining promi-
nence in academic research and discussion forums for educators.
Many aspects are discussed, highlighting the sustainability which
can greatly contribute to the training of better prepared pro-
fessionals (Rampasso et al., 2019). In this context, the present
literature review seeks to present the results of some researches
that contributes to the debate on the subject.
Tejedor et al. (2018) stresses that in order to be effective, the
insertion of sustainability in engineering education must be linked
to the development of systemic thinking and transdisciplinarity.
This perspective is corroborated by Guerra (2017), in which it is
emphasized the important role played by PBL (Problem-Based
Learning) to enable the teaching of transdisciplinarity concepts for
engineering students. Additionally, the author explain the impor-
tance of teaching undergraduate students in order to insert the
concerns related to sustainability issues into their professional
identities.
Due to the important role played by engineers in societies to
enable the sustainable development, there are many examples of
cases reporting experiences of sustainability insertion into engi-
neering courses (Thürer et al., 2018). Focusing on environmental
sustainability, Ramanujan et al. (2019) presented an approach to
insert this dimension of sustainability into mechanical engineering
undergraduate courses. The teaching approach used is the classi-
fied as a guided discovery instruction. In this kind of teachingmethod, students need to participate more than in traditional
teaching methods. They must seek to solve questions and under-
stand the meaning of their findings. Everything guided by a pro-
fessor. In their research, Ramanujan et al. (2019) used this approach
to teach mechanical engineering students to consider environ-
mental sustainability when performing a shape synthesis design
task. The authors found out that guided discovery instruction was
effective in enabling students to understand complex issues, such
as the difficulties to consider the environmental negative impacts
of designs, as well as the importance to take it into account in their
decisions.
Although much more discussed nowadays, the analysis of sus-
tainability insertion into engineering undergraduate courses are
not new. In 2005, Kumar et al. (2005) evaluated how this issue was
being considered at Michigan Technological University, in the
course of mechanical engineering. Based on experiences from this
university, the authors highlight the need for mechanical engineers
to consider the consequences of their decisions not only in the
technical perspective but also the impacts for society, environment
and economy. Using the concept of interdisciplinary, the authors
point out the necessity to relate topics from engineering courses
with subjects from humanities and social sciences in order to
properly insert sustainability into undergraduate courses.
Regarding the approach, they highlight the usefulness of experi-
ences of teaching in which students needs to be more active than
they are in traditional teaching methods, that do not involves stu-
dents participation.
Holgaard et al. (2016) compare two experiences of sustainability
insertion into engineering curricula, one in Denmark and the other
in Australia. The authors also provide a conceptual framework to
explain the sustainability insertion mechanism evaluated. In their
framework, actors, resources and activities are considered for both
internal and external environment. This framework provides the
possibility to analyze how the mentioned insertion should be done
or is being done. Both cases studied were analyzed through this
framework. In Denmark, authors verified that researches on this
theme were growing and partnerships with United Nations Orga-
nization for Education, Science and Culture (UNESCO) were
enabling initiatives regarding problem-based learning (PBL) and
project-based learning (PjBL). In Australia, the scenario was
different, there, the starting point is based in practical experiences.
Based on the analysis of these cases, the authors developed a five-
steps model to guide this insertion into engineering curricula. The
first step is to identify the activities, actors and resources that the
higher educational institution has to promote (or that is promoting)
an ESD. The second step is the identification of enablers inside the
institutions. The third step is the analysis of the country context and
evaluation of former experiences. The forth step is the development
of a path to be followed to materialize the insertion. The last step is
the establishment of strategic partnerships to enable a long term
ESD implementation.
Analyzing the curricular restructuring of a Chemical Engineer-
ing course in South Africa, von Blottnitz et al. (2015) focused on the
introduction of sustainability concepts in the course. The authors
verified that complex issues can be taught in the beginning of un-
dergraduate courses since it be properly done. An important tool
used to enable it was a project work, whichwas used for students to
apply the theory and to develop abilities. The development of the
capacity for critical analysis in the students was considered well
succeed.
Leal Filho et al. (2018) performed case studies in seven countries
to analyze the education for sustainability in higher educational
institutions of these countries. Two of these studies involved en-
gineering undergraduate courses: Manchester Metropolitan Uni-
versity, UK; and Polytechnic University of Catalonia, Spain. In
I.S. Rampasso et al. / Journal of Cleaner Production 233 (2019) 461e467 463
59 Manchester Metropolitan University, engineering undergraduate
students were involved in PBL interdisciplinary projects related to
local community. A group of these students earned the Global
Dimension in Engineering Education European award, an award to
initiatives for sustainable development in engineering. In Poly-
technic University of Catalonia, initiatives to promote training
focused on sustainable development into engineering courses have
been taken for years, in order to develop critical thinking in stu-
dents. Participation in Non-Governmental Organisations (NGOs)
are used to enable academic activities in this sense.
Rampasso et al. (2019), through action research, analyzed the
development of critical thinking regarding sustainability in stu-
dents of mechanical engineering at University of Campinas. The
research was conducted in a discipline called “Productive Systems”
and focused on the three dimensions of the sustainability: eco-
nomic, social, and environmental. The main difference of the
approach used in the analyzed discipline was the focus on envi-
ronmental and social dimensions, since the economic dimension is
traditionally addressed in this kind of course. During the explana-
tory classes, different points of views are presented to the students
regarding organization of work, that is, besides the traditional
perspective of it, the critics made for this organization of work are
also presented. Positive and negative impacts for local communities
and for the environment are discussed too. A final project of the
discipline demands that students consider all these perspectives to
present a reasonable productive system. The authors highlight the
importance of using innovative ways of teaching to properly insert
sustainability into engineering education.
From the information presented, it can be seen that the dis-
cussion regarding the introduction of sustainability concepts into
engineering curricula can still be expanded. In addition, under-
standing how students think about sustainability can contribute to
improving the training of engineers. Thus, the importance of the
present study.
3. Methodological procedures
This section is dedicated to the presentation of the methodo-
logical procedures used to conduct this research. We believe they
can be very useful to other researchers who want to understand
how engineering students think in terms of sustainability. The
reliability of this research is thus sought.
3.1. Research classification
This work concerns an applied research with exploratory ob-
jectives, following three research strategies: a) literature review, to
base the research's importance and data collection; b) a panel of
experts, to organize the constructs of the model to be tested; and c)
a survey with undergraduate students, in order to understand how
they think about sustainability, that is, what are the parameters
that really matters when sustainability is considered. We employed
a mixed research method combining qualitative and quantitative
approaches (Gray, 2017). The statistical treatment of the data is
quantitative, while the analysis of the parameters and the panel of
experts follow a qualitative method. Data was collected through a
questionnaire and analyzed via Partial Least Squares - Structural
Equation Modeling (PLS-SEM). Next subsections provide details
about the data collection and analysis.
3.2. Compilation of parameters and panel of experts
The compilation of the parameters used were conducted
through an analysis of the Global Report Initiative (GRI) and the
Sustainability Guide for Companies of the Brazilian Institute ofCorporate Governance (BICG). The parameters were divided ac-
cording to the panel of experts, which was composed by 8 mem-
bers. They all have experience in sustainability issues. Themembers
selected have more than ten years of experience. The panel of ex-
perts is a qualitative technique that may be used in a preliminary
phase of the research (Campos et al., 2010; Pinheiro et al., 2013). In
this research, one meeting was conducted and the consensus
regarding the constructs was achieved in the fourth round. The
result of the panel was the first model to be tested later through
PLS-SEM. Table 1 presents the parameters used in this research.
3.3. Survey
Based on the previous described parameters, a questionnaire
was developed and applied in undergraduate students from Uni-
versity of Campinas (Unicamp) and Federal Fluminense University
(campus Niteroi), two large universities in Brazil. The students of
Federal Fluminense University were from Mechanical Engineering,
while students of Unicamp were fromMechanical Engineering and
Control Automation Engineering. Both programs of Unicamp were
used due to their similar structure.
The questionnaire had 38 questions (8 related to respondents'
information and 30 regarding the model to be validated). For each
of the aforementioned parameters, the respondents should point to
a scale from 0 to 10 as they observed it in companies in Brazil. At the
extremes, note 0 indicates the non-observation of the parameter
and note 10 indicates intense observation of said parameter.
Through PLS-SEM, this answers enable the evaluation of students’
perception about sustainability. The questionnairewas approved by
the ethics committee.
A total of 1552 questionnaires were sent, for 1151 students of
Unicamp and 401 students of Federal Fluminense University. After
two months, 162 questionnaires were received, characterizing a
response rate of 10.43%. The sample was characterized by 79% of
students from Unicamp and 21% from Federal Fluminense Univer-
sity; 83% of Mechanical Engineering students and 17% of Control
Automation Engineering. Regarding the percentage of the course
already completed, 18.5% of the students has completed 25% of
their program at the moment of the survey; 21.6% completed be-
tween 25% and 50%; 24.1% completed between 50% and 75%; 35.8%
completed between 75% and 100%. All the respondents were over
18 years old.
3.4. Data analysis
The Structural Equation Modeling (SEM) “is a powerful statis-
tical approach for the testing of hypotheses about networks of
direct and indirect theoretical causal relationships in complex data
sets with intercorrelated dependent and independent variables”
(Lamb et al., 2014, p. 2434). Linear relationships between latent and
observed variables can be tested from hypothesized models
(Harring et al., 2015). There are two techniques in SEM, the first is
the Partial Least Squares (PLS) method and the second is the
covariance based (CB) method (Hair et al., 2014). PLS is a more
appropriate approach for research with causal-predictive analysis,
allowing exploratory research to be carried out. While CB is best
suited to test more established theories (Nejati et al., 2017). This
study uses the first technique, due to its exploratory character.
PLS-SEM has been used in the academic world as a tool for data
analysis (Chekima et al., 2017; Diaz-Ruiz et al., 2018; Rehman et al.,
2016). Its popularity is partly due to the fact that it is a tool that does
not require large samples to analyze data (Kuei et al., 2015; Laguir
et al., 2015). In addition, because it is a technique called soft
modeling, PLS has greater flexibility in handling data than other
techniques. However, it is important to note that only distribution
Table 1
Sustainability parameters. Source: Adapted from (BICG, 2007; GRI, 2018).
Constructs Code Parameters
Financial and Productivity Aspects (FPA) FPA_1 Generation and distribution of revenues for investors.
FPA_2 Concern about investing in projects that guarantee the continuity of the company in the long term.
FPA_3 Analysis of risks and opportunities made on an ongoing basis.
FPA_4 Constant concern about increased productivity and efficiency.
Concern with employees (CWE) CWE_1 Combat any kind of discrimination of gender, age, salary aspects, etc.
CWE_2 Granting benefits to employees (examples: health plan, retirement plan, etc.)
CWE_3 Providing training and refresher courses/training to employees
CWE_4 Maintaining constant discussions and discussions with unions in the categories.
CWE_5 Concern about minimizing (or eliminating) risks of occupational accidents and diseases.
Support for Local Communities (SLC) SLC_1 Investments in projects that favor local communities (e.g. health centers, schools, etc.).
SLC_2 Hiring employees living in local communities, including employees for management positions.
SLC_3 Constant monitoring of needs presented by local communities.
SLC_4 Establishment of goals and performance indicators to follow the evolution of social projects.
Ethical and corporate governance issues (ECI) ECI_1 Establish guidelines and mechanisms to combat internal corruption.
ECI_2 Compliance with laws and transparency in disclosure of information.
ECI_3 Absence of anti-competitive behavior (e.g. antitrust and monopoly practices)
ECI_4 Excellence in the management of tax benefits obtained from the government.
ECI_5 Equal treatment of all stakeholders
Environmental aspects (ENA) ENA_1 Adequate use of energy resources and water resources.
ENA_2 Minimizing emission of polluting gases
ENA_3 Compliance with environmental laws and regulations.
ENA_4 Concern about reverse logistics.
Sustainable aspects in the operations network (SON) SON_1 Application of criteria that contemplate all aspects of sustainability in the selection of suppliers.
SON_2 Insertion of the sustainable aspects in the projects developed with the other partners of the operations
network.
SON_3 Concern about the sustainable performance of the whole productive network and not only the company.
Customers, development of new products and
services (CPS)
CPS_1 Understanding customer needs in relation to new products, services and sustainable trends.
CPS_2 Insertion of sustainability in the development of new products or services.
CPS_3 Analysis of the perception of the client regarding the use of a product or service that contemplates the
sustainable aspect.
CPS_4 Concern to spread concepts of sustainability for all clients and society in general.
General note for sustainability (GNS) GNS General note for sustainability (GNS)
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60 assumptions are characterized by being “soft”, the model estimates
provided by this technique are very robust. The term “soft” is more
related to the idea of “plasticity” or “flexibility” of the technique
(Hair et al., 2014). The path coefficient presented by PLS-SEM rep-
resents the strength of association between the analyzed con-
structs (Hwang et al., 2016). The PLS-SEM aims to maximize the
explained variance of dependent latent constructs (Gallardo-
Vazquez and Sanchez-Hernandez, 2014). This approach is divided
into nine steps, described below. These steps are based on Ringle
et al. (2014).
The first step is to define a structural model to be statistically
tested. This model should take into account the initial hypotheses
of research. After the model is structured, the minimum sample
size should be calculated. For this, the G * Power software may be
used (second step), with test power of 80% andmedian effect size of
15%, according to the recommendations of Hair et al. (2014).
The third step consists in the validation of the structural model
using the least squares (PLS) method. For this, the collected data
must be saved in.cvs format and must be loaded in the SmartPLS
software. When running the PLS algorithm, the following param-
eters should be used: Path Weighting Scheme, zero mean and
variance of 1, the maximum number of interactions to converge the
model was 300; and the criterion of stopping the calculations was
0.00001. A series of information is then provided by the software
and the criteria for analyzing this information are detailed in the
next steps (Ringle et al., 2014).
In step 4, the convergent validity is measured through the
analysis of the Average Variance Extracted (AVE). For results to be
considered satisfactory, all values for AVEs must be greater than
0.50. Step 5 consists of checking the internal consistency, through
Cronbach's Alpha and Composite Reliability. To be satisfactory, the
values should be greater than 0.60 and 0.70 for Cronbach's Alpha
and Composite Reliability, respectively. According to Ringle et al.(2014), the Composite Reliability is more appropriate for the
Modeling of Structural Equations.
The discriminant validity is evaluated in step 6. This is the
verification of the correct allocation of the parameters in their
respective constructs and the certification that the constructs are
independent. For this, Ringle et al. (2014) recommend cross-load
analysis. Through it, one must verify if the factorial load of each
parameter is greater in its own construct than in other constructs.
In step 7, the Pearson's coefficients (R2) are analyzed. R2 percent-
ages of 2%, 13% and 26% are considered low, medium and great
effect for administrative sciences (Cohen, 1988).
Step 8 is characterized by the evaluation of linear correlations
and regressions. When running Bootstrapping in SmartPLS soft-
ware, the values obtained must all be greater than 1.96 (which
shows p-values 0.05). That is, for at least 95% of the cases, the
correlations and regressions are valid. It is important to note that
Bootstrapping presents different results (although very close) every
time it is run, since it uses random sub-samples.
Finally, step 9 is composed by the analysis of the Relevance or
Predictive Validity (Q2) and Cohen Indicator or Communality (f2)
parameters. To obtain them, it is necessary to run Blindfolding.
Values above zero for Predictive Validity and above 0.15 for Com-
munality are considered satisfactory (Ringle et al., 2014). Through
these nine steps, it is possible to statistically validate a model via
PLS-SEM. These steps were performed in this research.
4. Results
4.1. Panel of experts
After collecting several parameters fromGRI and BICG, the panel
of experts was performed. As a result of the panel of experts, the
first theoretical model to be testedwas obtained. The division of the
Fig. 2. Values obtained by with the PLS-SEM Method. Source: Authors.
Table 2
Quality Criteria results. Source: Authors.
Constructs AVE Composite Reliability Cronbachs Alpha
CPS 0.763 0.928 0.896
ECI 0.567 0.839 0.744
ENA 0.730 0.915 0.875
FPA 0.559 0.833 0.731
GNS 1.000 1.000 1.000
SON 0.873 0.954 0.927
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61 parameters into more than three constructs is due to the fact that
there are parameters that would fit into more than one construct.
For example, the parameter “Establish guidelines and mechanisms
to combat internal corruption” could be allocated either into social
or economic dimension of sustainability. Similarly, “Compliance
with laws and transparency in disclosure of information” could fit
into social, economic or even environmental dimensions. This
discussion was performed during the panel of experts and resulted
in the division of the parameters into seven constructs, as pre-
sented in Fig. 1.
4.2. Problems faced during the validation through PLS-SEM
The validation through PLS-SEM aims to obtain the best fit of the
model. Therefore, when results are not in accordance to the liter-
ature, researchers should perform changes in order to define this
adjustment. At first, an attempt to validate the model was con-
ducted and it presented a problem in calculating the AVE for the ECI
construct. The AVE was less than 0.5. To solve this, the parameter
with the lowest factorial load (ECI_3 - Absence of anti-competitive
behavior, e.g. antitrust and monopoly practices) was removed from
the construct. This change increased the AVE of the construct ECI,
showing that the other parameters were sufficient to explain the
construct.
The second problem faced in the model was when the Boot-
strapping was run. After removing the two with the lowest values
(SLC and CWE), the model was validated, with all values above 1.96.
The next subsection presents the validation of the final model,
obtained after these adjustments.
4.3. Validation through PLS-SEM
With the theoretical model (step 1), the second step to take was
the sample calculation. The software G*Power presented the need
to obtain 103 respondents to have a test power of 80%. Oncewe had
162 respondents, the test power is 96,24%. After this, the PLS Al-
gorithm was run (step 3) and presented the following Fig. 2.
Table 2 shows the results presented in the report of PLS Algo-
rithm. They are used to validate the next steps.
As it can be verified in Table 2, all the values from AVE were
higher than 0.50 (step 4). Regarding Composite Reliability and
Cronbach's Alpha, their values were also validated (step 5). These
steps checked the convergent validity and the internal consistence
of the model. That is, the step 4 shows that the “the model con-
verges to a satisfactory result” (p. 62) and the step 5 proves that no
bias was detected in the sample data (Ringle et al., 2014).
In step 6, it was verified whether the parameters were correctly
allocated in their constructs. The results showed that all the pa-
rameters presented their factorial loads higher in their own con-
structs than in the others, showing that they were correctly placed.
In the step 7, the Pearson's coefficient (R2) was checked. In this
research, there is only one R2 since just one endogenous constructFig. 1. First theoretical model. Source: Authors.(Ringle et al., 2014). The result for R2 in this model was 0.718, which
means that the model presents a great effect regarding its adjust-
ment quality.
The step 8 was characterized by the linear correlations and re-
gressions analysis. Through Bootstrapping, it was possible to verify
that, for at least 95% of the cases, all the correlations and re-
gressions are valid, since no values were below 1.96, as it is showed
in Fig. 3.
In the last step, Predictive Validity (Q2) and Communality (f2)
parameters were evaluated and presented satisfactorily results, as
it is shown in Table 3. In the Predictive Validity, it is possible to
evaluate how close the model is from what it was expected and
Communality shows the usefulness of the construct for the model.
In this sense, it worth to highlight that the construct GNS does not
present a communality value since it is the dependent variable
from the model.
After validating the model, the next section will present the
discussions and conclusions regarding these results.5. Discussion and conclusion
The validation performed in this study provide us with a series
of findings. The first issue to be discussed concerns the elimination
of the parameter ECI_3 and the constructs CWE and SLC. The
elimination of ECI_3 was performed through results from AVE. This
means that the construct ECI can be explained only by the other
four parameters. Thus, according to the students' perception,
“Establish guidelines and mechanisms to combat internal corrup-
tion”; “Compliance with laws and transparency in disclosure of
information”; “Excellence in the management of tax benefits ob-
tained from the government”; and “Equal treatment of all stake-
holders” are sufficient to explain “Ethical and corporate governance
issues”. The reason for the eliminations of CWE and SLC is alsoFig. 3. Values from bootstrapping algorithm. Source: Authors.
Table 3
Blindfolding results. Source: Authors.
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62 related to the students’ perceptions. In this case, the students from
our sample did not consider these issues when they are analyzing
sustainability. That is, for them, the parameters related to em-
ployees and local communities are not included in their sustain-
ability analysis. The reason for this is due to the fact that the
students have low correlation with the overall sustainability grade,
i.e. when students evaluate sustainability, they are not considering
those parameters.
Another relevant finding concerns path coefficients. The
construct with the greatest influence on sustainability value is the
CPS (0.303), followed by SON (0.245). This result is interesting
when confronted with the literature. There are many examples of
researches that point out the excessive focus on environmental
sustainability as a problem in engineering education (Edvardsson
Bj€ornberg et al., 2015; Guerra, 2017; Yuan and Zuo, 2013). In this
research, the students do not consider this as a primary issue (its
construct e ENA ewas the third highest grade). The worst value of
path coefficient was presented by ECI. This means that students
consider its parameters as the least important.
The divergencies with the literature also show the importance
of having studies focused in different countries, cultures and
courses. In Dagiliut _e et al. (2018), for example, the research was
conducted in two universities from Lithuania and the results
pointed out that the students consider that social sustainability is
the most important aspect of a sustainable university. In their
research, engineering respondents were a small part of their
sample.
There are lessons that may be learned from these findings. The
first one to bementioned is that PLS-SEMwas confirmed as a useful
tool to understand how the students think and, therefore, establish
plans to improve what is not satisfactory. As a consequence of it,
analyzing the results of this study, it is clear that students from the
sample must be better prepared in relation to social aspects of
sustainability, especially the concerns regarding employees and
local communities. This is particularly important when it is
considered the role of engineers in the development and
improvement of production systems (Rampasso et al., 2019).
Another issue relevant to be addressed is the fact that maybe the
environmental sustainability has not been emphasized enough in
engineering courses. The link between sustainability concerns and
the development of new products and services is important but it is
not sufficient. Engineers must present reasonable levels of concern
regarding environmental issues, such as a proper use of water and
energy, emission of polluting gases, legislations, as well as they
must be aware that they are responsible for what they produce and
that the disposal they produce is their responsibility and of their
companies.
Although it is an exploratory research, the findings here can be
useful for researchers as starting point for others studies and for
professors and program coordinators from higher education in-
stitutions who can use these findings to analyze their own engi-
neering programs and evaluate what they need to prioritize in the
improvements they perform. As a future research, it is recom-
mended the replication of this methodological procedure inundergraduate engineering programs from other higher education
institutions in order to broaden the debate about students’
perception regarding sustainability issues.
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As highlighted in the introduction, this research was divided in three phases. 
These phases are connected in order to meet the objective of proposing guidelines to increase 
the debates regarding the insertion of sustainability in engineering education. Therefore, the 
first phase of this research aimed to understand how difficulties associated with the insertion 
of sustainability in engineering education are related, according to Brazilian lecturers of 
engineering courses, who work with sustainability. The second phase was to analyze 
engineering students’ perception regarding main challenges evidenced in the insertion of 
sustainability in engineering courses. That is, after analyzing the perception of lecturers 
regarding the difficulties they observe, the perception of engineering students about their 
courses challenges was evaluated. The students selected for this research’s phase were chosen 
based on their participation in social projects, since they have a greater contact with 
sustainability issues than the others.  
All the difficulties analyzed by the lecturers were validated and the students 
pointed out the main challenges of their courses, according to their perception. A more 
detailed analysis of these difficulties and challenges shows the similarities among them 




Table 3.1 Similarities among difficulties and challenges from the first and second phases of the 
research. Source: Author 
Difficulties validated by the lecturers  
Main challenges according to engineering 
students 
Lack of support from university's top 
management and/or the establishment of a broad 
program aiming at greater promotion of 
sustainability teaching 
→ 
Sustainable issues are debated only in specific 
disciplines in a limited extend. 
Difficulty to debate the inclusion of new 
activities related to sustainability because many 
professionals believe that the curricula of 
engineering courses are overloaded 
→ 
Difficulty to integrate disciplines for the broad 
teaching of sustainability. 
Lack of alignment between what is taught in 
engineering courses about sustainability and the 
real market needs 
→ 
Lack of practical and real examples of how 
sustainability can be embedded in the specific 
context of the course. 
Difficulty in debating economic and social 
aspects in engineering disciplines, with a focus 
on environmental sustainability 
→ 
Activities and examples presented focus 
exclusively on environmental issues. 
 
Analyzing this table, it is possible to verify that the perceptions from lecturers and 
students converge, since the main challenges assigned by the students have a similar difficulty 
validated by the lecturers. It is important to highlight that in both researches the samples 
contemplated respondents from different engineering courses, since the target was to obtain a 
general overview of Brazilian engineering courses, without focusing on specific realities of an 
engineering course. Although differences among engineering courses are expected, these 
researches focused on what they have in common. 
Students of Enactus (from the second phase) belong to a specific sample of 
students with a satisfactory base of knowledge about sustainability. However, there was no 
guarantee that engineering students, in general, understand the concept of sustainability. Thus, 
a third research was proposed to increase the debate on this issue. In this research, a 
theoretical model was proposed and used to evaluate the perception of a sample composed by 
students of Mechanical Engineering and Control Automation Engineering courses from 
Unicamp (Campinas-SP) and students of Mechanical Engineering from Federal Fluminense 
University (Niterói-RJ) about sustainability. The results from this third phase, although 





These analyses are particularly important when the function of engineers is 
considered. The role of engineers to insert sustainability into routine of their teams is 
emphasized in the literature (JONES; MICHELFELDER; NAIR, 2017). Even though the 
importance of engineering for sustainable development and the need for change in 
engineering education in favor of sustainable development have been focused by the United 
Nations Educational, Scientific and Cultural Organization (UNESCO) since the 1980s 
(UNESCO, 2010), the literature still shows that there is still a long path to be crossed 
(TEJEDOR; SEGALÀS; ROSAS-CASALS, 2018). Thus, the analyzes from this research can 






This research aimed to propose guidelines to increase the debates regarding the 
insertion of sustainability in engineering education. For this, three specific objectives were 
established: to understand how difficulties associated with the inclusion of sustainability in 
engineering education are related, based on the opinion of lecturers of engineering; to analyze 
engineering students’ perceptions on the main challenges observed in the Education for 
Sustainable Development (ESD) in engineering courses offered by Brazilian institutions; and 
to evaluate the engineering students' perception regarding sustainability.  
Through the results presented, it is concluded that when there are difficulties in 
planning the inclusion of sustainability in engineering education directly affect the difficulties 
found in didactic practice. This finding highlights the necessity for Higher Educational 
Institutions (HEI) to dedicate efforts for the structuring and planning phase of the insertion, 
due to its impact on difficulties of didactic practice. Additionally, the grouping of difficulties 
was also statistically validated. That is, the results from PLS-SEM proved that the six 
difficulties allocated in the construct “Difficulties associated with structure and planning” 
belong to this group as well as the five difficulties allocated in the construct “Difficulties 
observed in didactic practice”.  
Another conclusion that can be taken from this research is that all the challenges 
of the research were perceived by the students, since none of the challenges presented 
averages below 5.0. In addition, engineering students pointed out the main challenges faced 
by their courses are: “Sustainable issues are debated only in specific disciplines in a limited 
extent”; “Difficulty to integrate disciplines for the broad teaching of sustainability”; “Lack of 
practical and real examples of how sustainability can be embedded in the specific context of 
the course”; and “Activities and examples presented focus exclusively on environmental 
issues”. Also, it was possible to verify that students involved with social projects can identify 
the challenges their courses present regarding sustainability insertion issues.  
The last conclusion of this research is regarding the perception of engineering 
students regarding sustainability: the students from the sample do not consider employees and 
local communities when they are analyzing sustainability. This means that these students 
should be better prepared on issues about social aspects of sustainability. Environmental 




grades from the students, when comparing the literature. The kind of work engineers perform, 
developing and improving production systems, justify the importance of improving their 
knowledge about these issues.  
Additionally, it should be highlighted that, through this research, it was verified 
that PLS-SEM and TOPSIS are useful techniques that can assist researchers to perform 
exploratory investigations. They proved to have credibility in international journals and 
provided interesting results that can open a wide range of debates to improve engineering 
education and to develop engineers prepared to positively contribute to a sustainable future.     
The limitations of this research also should be mentioned. This is an exploratory 
research. Therefore, the results and conclusions of this research are valid for the sample used. 
Since EESD is a topic few explored yet, exploratory researches are required to increase the 
debates about it. Additionally, the statistical techniques used increase the validity of the 
results. 
The results of this research can be used by coordinators of engineering courses to 
evaluate their initiatives to insert sustainability in the courses, improving planning and 
execution of them. Researchers can also use these results as a starting point for future 
researches, to analyze other realities and to develop a model to enable and facilitate the 
insertion of sustainability in engineering courses. The theoretical model associated with PLS-
SEM used in the third phase of this research (third article) may also be used by coordinators 
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DADOS DO PROJETO DE PESQUISA
Número do Parecer: 3.128.449
DADOS DO PARECER
Pesquisadores enviam relatório final de atividades do projeto citado acima.
Apresentação da Notificação:
Apresentar relatório final de atividades do estudo.
Objetivo da Notificação:
Mantidos em relação ao projeto original.
Avaliação dos Riscos e Benefícios:
Data da aprovação do projeto por este CEP: 27/09/2017 (parecer número 2.300.729, em
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Apesar de ter sido previsto, originalmente, 55 voluntários para a pesquisa, foi informado que foram
contactados 112 voluntários.
Não houve registro de intercorrências
Houve a publicação de um artigo em
Journal of Cleaner Production, Volume 193, 20 August 2018, Pages 363-371: "An analysis of the difficulties
associated to sustainability insertion in engineering education: Examples from HEIs in Brazil"
https://www.sciencedirect.com/science/article/pii/S0959652618314100
Para avaliação desta notificação foi analisado o relatório final anexado no documento intitulado
'Relatorio_Final.pdf', de 03/01/2019 16:39:46.
Relatório enviado adequadamente, em formulário próprio deste CEP.
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Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Data da conclusão do estudo: 15/10/2018
Apesar de, originalmente, ter sido previsto o contato com 30 voluntários para essa pesquisa, no final foram
contactados 91 voluntários.
Sobre esse fato, informa o pesquisador que "Devido aos esforços dos pesquisadores, obteve-se um número
de respondentes acima do previsto. A amostra maior enriquece os resultados da pesquisa."
Não houve registro de intercorrências.
Não houve publicação dos resultados.
Para avaliação desta notificação foi analisado o relatório final anexado no documento intitulado
'Relatorio_Final.pdf', de 04/01/2019 13:29:36.
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Análise da percepção de alunos de engenharia em relação aos parâmetros de
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DADOS DO PROJETO DE PESQUISA
Número do Parecer: 3.045.950
DADOS DO PARECER
"EQUIPE: 418.444.728-76 IZABELA SIMON RAMPASSO (Aluna de Doutorado - FEM)
287.236.348-39 ROSLEY ANHOLON (Orientador)
Por meio de uma análise detalhada do Global Reporting Initiative (GRI) e do Instituto Brasileiro de
Governança Corporativa (IBGC), desenvolveu-se uma relação de parâmetros de sustentabilidade relevantes
a serem analisados para verificar a percepção de alunos de engenharia em relação aos mesmos. A priori,
estes parâmetros estão divididos em sete grupos: Aspectos financeiros e de produtividade; Preocupação
com os funcionários; Auxílio às comunidades locais; Aspectos éticos e de governança corporativa; Aspectos
ambientais; Aspectos sustentáveis na rede de operações; Clientes, desenvolvimento de novos produtos e
serviços. Esses parâmetros deram base ao questionário para o qual se almeja a autorização do Comitê de
Ética. Esta pesquisa possui como objetivo avaliar a percepção de alunos de engenharia no Brasil em
relação aos parâmetros de sustentabilidade. Para tal será realizada uma survey com alunos de engenharia.
Para cada um dos parâmetros listados, os respondentes deverão apontar por meio de uma escala de 0 a 10
como, em sua percepção, as empresas brasileiras podem ser avaliadas em relação a aplicação desses
parâmetros. Nos extremos, a nota 0 indica a não aplicação do parâmetro pelas empresas brasileiras ao
ponto que a nota 10 indica intensa aplicação do referido parâmetro. Ao final, há uma questão referente a
sustentabilidade geral das empresas brasileiras, também para ser avaliada na escala de 0 a 10, na qual a
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a nota 10 indica que as mesmas desenvolvem práticas sustentáveis com excelência. Os dados serão
analisados por meio da técnica de modelagem de equações estruturais, mais precisamente por meio do
algoritmo PLSSEM. A princípio, almeja-se a obtenção de 100 respondentes, podendo este número ser maior
em função da qualidade dos dados. Acredita-se que os resultados aqui alcançados possam contribuir para a
melhoria do ensino de engenharia."
"Esta pesquisa possui como objetivo avaliar a percepção de alunos de engenharia no Brasil em relação aos
parâmetros de sustentabilidade."
Objetivo da Pesquisa:
"Riscos: Não há riscos previsíveis nesta pesquisa. O tempo estimado para responder ao questionário é de
10 minutos. Você não deve participar deste estudo se sentir qualquer desconforto em fornecer as
informações solicitadas. Caso tenha começado a participar e sinta qualquer desconforto, você pode
interromper sua participação a qualquer momento. Para salvar uma via do TCLE, basta imprimir a página
referente ao TCLE do questionário através
das opções do seu navegador.
Benefícios: Não há benefícios diretos para os participantes."
A análise de riscos e benefícios é coerente com a pesquisa proposta.
Avaliação dos Riscos e Benefícios:
A metodologia de análise apresenta todos os detalhes que se necessitam para concluir que há
embasamento metodológico sólido para a análise dos dados. O tamanho amostral é de cem estudantes de
engenharia, contactados por email. Foram especificados os cursos dos quais os participantes são discentes
e as condições de amostragem. É fundamental ter o consentimento dos responsável(is) pelo(s) curso(s) de
graduação antes do contato com seus discentes. Ademais, tratando-se de estudantes, haveria a
possibilidade de que menores de idade fizessem parte da amostra. Houve garantia da proponente que será
solicitado aos discentes que esclareçam se são maiores e que menores de dezoito anos não serão
entrevistados. No entanto, ainda resta uma pendência.
Lê-se "A priori, a survey será feita com alunos de graduação em Engenharia Mecânica
e de Engenharia de Controle e Automação da Faculdade de Engenharia Mecânica da
Unicamp e com alunos de Engenharia Mecânica da Universidade Federal Fluminense –
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Campus Niterói. Anexamos as autorizações dos coordenadores desses cursos junto ao
projeto. De forma complementar, caso seja necessário para se obter a validação estatística,
será feito contato com alunos de engenharia de outras instituições. Porém, nesse caso, o
contato será feito a partir de redes sociais, como o Linkedin e não mais a partir das
instituições de ensino. Por isso, não será necessário contato com os coordenadores de
outras instituições."
O TCLE está escrito numa linguagem simples e direta. Contém as informações importantes para o contato
dos responsáveis pela pesquisa e o CEP.
Considerações sobre os Termos de apresentação obrigatória:
Aprovado
Conclusões ou Pendências e Lista de Inadequações:
- O participante da pesquisa deve receber uma via do Termo de Consentimento Livre e Esclarecido, na
íntegra, por ele assinado (quando aplicável).
- O participante da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em
qualquer fase da pesquisa, sem penalização alguma e sem prejuízo ao seu cuidado (quando aplicável).
- O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado. Se o pesquisador
considerar a descontinuação do estudo, esta deve ser justificada e somente ser realizada após análise das
razões da descontinuidade pelo CEP que o aprovou. O pesquisador deve aguardar o parecer do CEP
quanto à descontinuação, exceto quando perceber risco ou dano não previsto ao participante ou quando
constatar a superioridade de uma estratégia diagnóstica ou terapêutica oferecida a um dos grupos da
pesquisa, isto é, somente em caso de necessidade de ação imediata com intuito de proteger os
participantes.
- O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal do
estudo. É papel do pesquisador assegurar medidas imediatas adequadas frente a evento adverso grave
ocorrido (mesmo que tenha sido em outro centro) e enviar notificação ao CEP e à Agência Nacional de
Vigilância Sanitária – ANVISA – junto com seu posicionamento.
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- Eventuais modificações ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas e aguardando a aprovação
do CEP para continuidade da pesquisa.  Em caso de projetos do Grupo I ou II apresentados anteriormente à
ANVISA, o pesquisador ou patrocinador deve enviá-las também à mesma, junto com o parecer aprovatório
do CEP, para serem juntadas ao protocolo inicial.
- Relatórios parciais e final devem ser apresentados ao CEP, inicialmente seis meses após a data deste
parecer de aprovação e ao término do estudo.
-Lembramos que segundo a Resolução 466/2012 , item XI.2 letra e, “cabe ao pesquisador apresentar dados
solicitados pelo CEP ou pela CONEP a qualquer momento”.
-O pesquisador deve manter os dados da pesquisa em arquivo, físico ou digital, sob sua guarda e
responsabilidade, por um período de 5 anos após o término da pesquisa.
Este parecer foi elaborado baseado nos documentos abaixo relacionados:
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Renata Maria dos Santos Celeghini
(Coordenador(a))
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